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1.  INTRODUCTION 


The  computer  calculations  performed  for  this  project  served  two  major 
functions.  First,  input  spectra  for  the  SAND  II  unfolding  code  were  needed  in 
order  to  unfold  the  foil  data  and  produce  measured  spectra.  These  input  spectra 
were  provided  as  a  result  of  some  of  the  calculations  done  for  this  project. 
Good  agreement  on  spectral  shape  and  intensity  verified  the  analytical  techniques 
and  the  calculational  effort  was  extended  to  configurations  for  which  there  were 
no  measurements.  Thus,  the  second  major  function  of  the  calculations,  to  provide 
data  for  other  reactor/room  configurations,  was  accomplished  using  verified 
computational  methods,  assumptions,  codes,  and  cross  sections. 

This  data  has  been  prepared  with  the  AFRRI  Triga  user  in  mind. 

Reconmended  spectra,  front  and  back  angular  distributions,  and  several  commonly 
used  responses  (e.g.  dose,  silicon  damage,  etc.)  are  given  for  all  of  the  ten 
configurations  studied.  The  data  is  suitable  for  application  to  exposure 
experiments,  boot-strapping  to  further  radiation  transport  calculations,  or  input 
to  radiation  effects  computer  codes.  All  of  the  calculations  and  resulting 
spectra  are  in  the  ONA  DLC-311  energy  group  structure  consisting  of  37  neutron 
groups  and  21  gamma-ray  groups.  This  is  a  commonly  used  group  structure  for 
radiation  effects  work. 

The  cases  which  have  been  analyzed  are  briefly  described  in 

Table  II. 1.1.  The  position  at  which  the  fluxes  were  calculated  for  each  case  is 
shown  in  Table  II. 1.2.  As  can  be  seen  in  Table  II. 1.1,  both  one-dimensional  and 
three-dimensional  calculations  were  done  for  most  cases,  while  only 
one-dimensional  results  were  calculated  for  others.  This  resulted  from  the  fact 

that  in  many  cases,  the  1-D  and  3-D  spectra  were  essentially  the  same.  Thus, 

there  was  no  need  to  run  the  expensive  3-D  calculations.  Notable  exceptions  to 
this  rule  are  the  calculations  Involving  the  excercize  wheel  and  the  cylindrical 
phantom.  Good  examples  of  the  agreement  between  the  1-D  and  3-D  results  are  the 
spectra  calculated  for  the  free  field  case  in  both  ER1  and  ER2. 

This  gives  rise  to  the  third  large  block  of  data  (following  the  1-D  and 
3-0  results).  One-dimensional  neutron  and  gamma-ray  spectra,  angular  data,  and 
responses  were  calculated  as  a  function  of  distance  from  the  reactor  center  in 
the  free  field  ER1  and  ER2.  This  data,  in  conjunction  with  the  data  presented  on 
the  effects  of  different  configurations  on  the  free  field  spectra,  should  allow  a 


Table  II. 1.1.  Case  Descriptions. 


Case 

1-D 

3-D 

Description 

1 

Y 

Y 

ER1  free  field 

2 

Y 

Y 

ER1  with  6"  Pb  shield 

3 

Y 

Y 

ER1  with  6"  Pb  shield  and 

2"  Pb  cave 

4 

Y 

Y 

ER1  with  2"  Pb  shield  and 
exercise  wheel 

5 

Y 

Y 

ER2  free  field 

6 

Y 

Y 

ER1  free  field  -  core 
moved  bask  12" 

7 

Y 

Y 

ER1  with  2"  Pb  shield 

8 

Y 

N 

Flux  at  pneumatic  tubes 
near  ER2 

9 

Y 

Y 

ER1  with  6"  Pb  shield  and 
cylindrical  phantom 

10 

Y 

N 

ER1  free  field  with  core 
moved  back  5" 

Table  II. 1.2.  Detector  Positions*. 


Location  at  Which  Flux  is  Reported 


Case 

Distance  from  Reactor  Center  (cm) 

Height  Above  Floor  (cm) 

1 

100 

120 

2 

100 

120 

3 

100 

120 

4 

90 

120 

5 

100 

120** 

6 

100 

120 

7 

100 

120 

8 

-  In  Center  of  Tubes 

9 

100 

120 

10 

100 

120 

★ 

Same  as  foil  positions  except  where  noted. 

*★ 

Foils  were  92  cms  above  the  floor. 
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reasonable  estimate  of  the  neutron  and  ganma-ray  spectrum  at  any  point  in  the 
rooms  with  a  wide  range  of  reactor  and  room  configurations. 

The  next  section  contains  a  discussion  of  the  computer  codes  and  cross 
sections  used  for  these  calculations.  This  is  followed  by  chapters  containina 
the  1-D,  3-D,  and  flux  as  a  function  of  distance  results  respectively. 
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2.  COMPUTER  CODES  AND  CROSS  SECTIONS 


Two  radiation  transport  computer  codes  were  used  for  this  project. 

2 

ANISN  ,  a  one-dimensional  discrete  ordinates  code,  was  used  for  the  1-D 

3 

calculations  and  MORSE  ,  a  three-dimensional  Monte  Carlo  code  was  used  for  the 
3-D  calculations.  In  addition,  the  BLENDR^  code  was  used  to  mix  the  cross 
sections  external  to  the  ANISN  and  MORSE  codes.  ANISN  allows  the  calculation  of 
the  angular  flux  at  each  mesh  boundary  in  a  sphere,  cylinder,  or  slab  model.  Due 
to  the  lamentable  fact  the  most  systems  (and  none  of  those  involved  in  this 
project)  are  not  constructed  out  of  concentric  spheres,  cylinders,  or  planar 
slabs,  ANISN  results  must  be  verified  with  higher  dimensioned  codes,  such  as 
MORSE.  As  the  calculations  progressed,  it  was  learned  when  1-D  approximations 
were  valid,  but  until  that  time  3-D  calculations  were  done  for  all  cases. 

MORSE  is  a  Monte  Carlo  code  employing  a  flexible  Combinatorial  Geometry 
modeling  package.  It  uses  the  same  cross  sections  as  ANISN  and  was,  in  fact, 
coupled  to  ANISN  boundary  leakages  for  this  project.  This  coupling  will  be 
discussed  in  Chapter  4. 

The  cross  section  library  used  for  all  of  these  calculations  was  the 
DNA  DLC-31  37  neutron/21  gamma-ray  group  library1.  The  energy  group  structure 
can  be  seen  in  TablesII.2.2  and  II. 2. 3.  This  is  a  convenient  set  to  use  since 
much  of  the  radiation  effects  work  has  been  done  using  this  group  structure.  One 
drawback,  however,  is  that  it  does  not  contain  two  elements  needed  for  these 
calculations:  cadmium  and  zirconium.  This  stimulated  a  search  for  other  cross 
section  libraries  which  did  contain  all  of  the  elements  needed.  Unfortunately, 
none  of  the  sets  examined  (CASK,  BUGLE  80,  SAILWR)  filled  the  need.  After 
studying  the  behavior  of  the  cadmium  and  zirconium  cross  sections  with  energy  in 
BNL  3255  (the  "barn  book"),  it  was  decided  to  substitute  boron-10  with  a  number 
density  0.492  times  that  of  cadmium  for  the  cadmium  and  molybdenum  at  0.10  times 
the  number  density  of  zirconium  for  the  zirconium.  These  substitutions  stem  from 
the  fact  that  the  substitute  materials  have  the  same  shape  cross  section  with 
neutron  energy,  but  a  different  absolute  value,  hence  the  scaling  factor.  In 
addition,  note  that  the  effects  of  gamma  rays  in  these  substitute  materials  is 
insignificant  due  to  the  low  number  density  of  zirconium  in  the  fuel  and  the 
thinness  of  the  cadmium  shield  region  to  gamma  rays.  For  clarity,  the  material 
in  the  cadmium  shield  (really  boron-10)  will  be  referred  to  as  cadmium.  The 
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compositions  of  the  various  materials  used  In  these  calculations,  as  prepared  in 
the  mixing  code  BLENDR,  are  shown  In  Table  II. 2. L 

The  proper  mixture  for  the  core  material  (fuel,  coolant,  and  cladding) 
and  6061-T6  aluminun  alloy  were  derived  in  part  from  Information  supplied  by 
personnel  at  the  General  Atomic  Company®*^.  Another  source  of  data  necessary  for 
preparing  these  mixtures  (as  well  as  other  facets  of  this  work)  was  the  AFRRI 

O 

Triga  Ha rk-F  Reactor  Operations  Manual  . 

Another  aspect  of  this  work  Involved  calculating  various  integral  flux 
quantities  such  as  dose  and  damage  for  the  positions  of  Interest.  This 
calculation  consists  of  performing  the  Integral: 

mo 

J  F(E)R(£)dE  (1) 

0 

where  F(E)  is  the  neutron  flux  per  unit  energy  and  R(E)  is  the  response  function 
per  unit  flux  as  a  function  of  energy.  In  a  many-group  calculation  this 
translates  to  the  following  sum: 


N 


where  F^  Is  the  flux  in  the  ith  energy  group,  R^  is  the  response  for  the  ith 
group,  and  N  is  the  number  of  groups.  The  values  of  R^  for  the  calculated 
responses  are  shown  in  Table  II. 2. 2  for  the  neutrons  and  Table  II. 2. 2  for  the  gamma 
rays.  In  addition,  neutron  flux  above  1  Mev  and  total  neutron  flux  was 
calculated. 

Other  dosimetry  work  employing  foil  data  and  calculated  spectra  as 

Q 

Input  to  the  unfolding  code  has  shown  a  sensitivity  to  the  fission  spectrum  used 
in  the  calculation.  Accordingly,  the  latest  ENDF/V-B  compilation  of  the  U-235 
fission  spectrum  was  used  for  this  project10.  It  is  tabulated  In  Table  II. 2. 4. 
Only  the  neutron  portion  of  the  fission  spectrum  was  used  as  a  source  for  these 
calculations.  The  gamma-ray  portion  was  omitted  because  the  gamma-ray  yield  from 
the  core  Is  dominated  by  secondary  gamma  production.  In  addition,  fission 
product  gamma  rays  have  been  omitted  for  the  same  reason  and  because  their 
Intensity  and  spectrum  vary  with  time  and  fuel  exposure.  It  is  felt  the  neither 
of  these  omissions  impair  the  accuracy  of  the  gamma-ray  results. 
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Table  II. 2.1.  Material  Compositions. 


Mixture 

Element 

Density  (atoms/bn-cm) 

1. 

Core  Material 

Hydrogen 

5.79-2 

Molybdenum 

2.26-3 

U-235 

1.60-4 

U-238 

6.33-4 

Oxygen 

1.10-2 

Carbon 

8.51-6 

Si  1  icon 

3.21-5 

Chromi urn 

6.25-4 

Manganese 

5.46-5 

Iron 

2.09-3 

Nickel 

3.07-4 

2. 

Water  at  1.0  gm/cc 

Hydrog?'’ 

6.69-2 

Oxygen 

3.35-2 

3. 

6061-T6  A1  Alloy  at 

2.7  gm/cc 

Silicon 

3.48-4 

Copper 

6.91-5 

Magnesi urn 

6.69-4 

Chromium 

6.25-5 

Aluminum 

5.90-2 

4. 

Cadmium  at  8.65  gm/cc 

Boron- 10 

2.43-2 

5. 

Gadolimium  Oxide  at 

7.41  gm/cc 

Gadolinium 

4.09-2 

Oxygen 

6.13-2 

6. 

Wood  at  0.64  gm/cc 

Carbon 

1.43-2 

Hydrogen 

2.40-2 

Oxygen 

1.19-2 

7. 

Lucite  at  1.2  gm/cc 

Carbon 

3.61-2 

Hydrogen 

5.78-2 

Oxygen 

1.44-2 

8. 

Lead  at  11.35  gm/cc 

Lead 

3.30-2 

9. 

Steel  at  7.84  gm/cc 

Iron 

8.29-2 

Nickel 

1.61-3 

10. 

Permalli  JN  at  1.35  gm/cc 

Hydrogen 

4.88-2 

Boron-10 

4.88-4 

Boron-11 

1.77-3 

Oxygen 

2.49-2 

Carbon 

2.57-2 

Sodium 

6.36-4 

11. 

Air  at  1  atmosphere 

Nitrogen 

4.03-5 

Oxygen 

9.49-6 

12. 

Phantom  Tissue  Solution 
at  1.06  gm/cc 

Hydrogen 

6.32-2 

Carbon 

6.79-3 

Nitrogen 

1.54-3 

Oxygen 

2.91-2 
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Table  D .2.2.  Neutron  Responses  as  a  function  of  Energy. 

Til  icon  Damane x  10  -  Damage  Relative  to 
1  MeV  fl uence. 
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Table  1 1. 2. 3.  Ganna  Dose  as  a  Function  of  Energy. 


nrencY  <hev> 

CAHHA  DOSE 

1 

1 . 40E+0 1 

3.21E-09 

2 

1 . 00E+01 

2.47E-09 

3 

B.00E+00 

2. 09E-09 

4 

7.00E+00 

1 . B7E-09 

3 

6.00E+0O 

1.66E-09 

6 

3.00E+0O 

1 -44E-09 

7 

4.00E+00 

1 . 10E-09 

8 

3.S0E+00 

1 . 0  IE-09 

9 

2.30E+00 

8.71E- 10 

ie 

2 . 00E+0O 

7.26E-10 

i  l 

1 . 50E+00 

3.64E-10 

12 

1 . 00E+00 

4. 1  IE- 10 

13 

7.00E-0I 

2.93E-10 

14 

4.36E-0I 

1.92E-10 

13 

3.00E-01 

1 . I  IE- 10 

16 

1.30E-01 

6 . 48E- 1 1 

17 

1.00E-01 

3.71E-11 

18 

7.00E-02 

3.67E- 1 1 

19 

4.50E-02 

6 . 33E- 1 1 

20 

3.00E-02 

1.42E-10 

21 

2.00E-02 

4.41E- 10 
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Table  II. 2. 4.  ENDF/V-B  U-235  Fission  Spectrum  Collapsed 
to  the  DLC-31  Group  Structure. 


Group 

Energy  (MeV) 

S(E)aE 

Group 

Energy  (MeV) 

S(E)aE 

1 

19.6 

3.81-6 

21 

1.11 

1.92-1 

2 

16.9 

1.94-5 

22 

0.55 

1.20-1 

3 

14.9 

1.98-5 

23 

0.158 

1.03-2 

4 

14.2 

1.46-5 

24 

0.111 

1.04-2 

5 

13.8 

8.61-5 

25 

5.25-2 

3.48-3 

6 

12.8 

7.53-5 

26 

2.48-2 

2.89-4 

7 

12.2 

3.39-4 

27 

2.19-2 

9.33-4 

8 

11.1 

7.28-4 

28 

1.03-2 

3.92-4 

9 

10.0 

1.42-3 

29 

3.35-3 

6.62-5 

10 

9.05 

2.56-3 

30 

1.23-3 

1.29-5 

11 

8.19 

4.27-3 

31 

5.83-4 

5.74-6 

12 

7.41 

1.11-2 

32 

1.01-4 

3.79-7 

13 

6.38 

3.68-2 

33 

2.90-5 

5.35-8 

14 

4.97 

1.07-2 

34 

1.07-5 

1.30-8 

15 

4.72 

3.95-2 

35 

3.06-6 

1.85-9 

16 

4.07 

1.09-1 

36 

1.13-6 

4.22-10 

17 

3.01 

1.05-1 

37 

4.14-7 

1.40-10 

18 

2.39 

1.58-2 

19 

2.31 

1.11-1 

20 

1.83 

2.14-1 
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3.  ONE-DIMENSIONAL  CALCULATIONS 


3.1.  One-Dimensional  Models 

ANISN  calculations  are  limited  to  systems  of  concentric  spheres, 

cylinders,  and  planar  slabs.  Clearly,  a  slab  model  for  the  cylindrical  core  and 

tank  of  the  AFRRI  Triga  reactor  is  inappropriate.  Because  the  core  is  a  right 

cylinder,  a  cylindrical  model  might  seem  to  be  the  most  correct  approach. 

However,  the  core  has  a  radius  of  21.8  cms  and  a  height  (length)  of  38.1  cms.  A 

one-dimensional  cylindrical  model  necessarily  consists  of  concentric  cylinders 

which  are  infinitely  long.  As  the  distance  from  the  core  to  the  detector  is 

increased,  the  core  will  begin  to  look  more  and  more  like  a  sphere  than  an 

infinite  cylinder.  Thus,  it  was  not  clear  at  the  outset  whether  a  spherical  or 

cylindrical  model  would  be  most  accurate.  The  question  was  resolved  by 

performing  calculations  with  both  models  and  comparing  the  results  to 

measurements  made  by  AFRRI  personnel . 

The  AFRRI  measurements  which  were  used  consisted  of  placing  sulfur 

buttons  on  the  face  of  the  reactor  tank  and  irradiating  them  for  ten  minutes  at  a 

reactor  power  of  5  kilowatts11.  For  the  purposes  of  this  application  only  the 

button  which  was  placed  at  the  core  midplane  on  the  part  of  the  tank  which 

extends  the  furthest  into  the  room  was  used.  The  placement  and  application  of 

the  rest  of  the  buttons  will  be  discussed  in  the  next  chapter.  Using  the 

32 

S(n,p)  reaction,  the  "sulfur  fluence"  could  be  measured  at  the  position  of  each 

button.  This  sulfur  fluence  can  also  be  taken  to  be  the  fluence  of  neutrons  with 

energy  greater  than  or  equal  to  3  Mev.  For  the  button  of  interest  here,  the 

11  2 

sulfur  fluence  was  measured  to  be  7.86  x  10  n/cm  . 

A  cylindrical  calculation  was  run  which  yielded  a  sulfur  fluence  of 
12  2 

1.08  x  10  n/cm  or  37%  higher  than  the  measurement.  A  spherical  calculation 
was  then  run  in  which  the  radius  of  the  core  was  determined  by  requiring  that  the 
sphere  which  represented  the  core  should  have  the  same  volume  as  the  real  core. 
This  yielded  a  spherical  core  radius  of  23.84  cms.  The  spherical  calculation 
yielded  a  sulfur  fluence  of  8.55  x  1011  n/cm^,  only  9%  higher  than  the 
measurement.  This  relative  agreement,  in  conjunction  with  the  fact  that  the 
spherical  model  becomes  more  and  more  appropriate  as  the  detector  position  is 
moved  away  from  the  core,  makes  the  choice  of  the  spherical  model  clear. 
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Having  decided  on  spherical  geometry,  the  position  of  the  wooden  walls 
In  the  model  was  studied.  This  is  not  straightforward  for  these  1-0  calculations 
because  the  distance  from  the  core  to  the  back  wall  is  different  from  the 
distance  from  the  core  to  the  celling,  floor,  and  side  walls.  In  ER1  the  back 
wall  is  about  20  feet  from  the  reactor  center  while  the  floor  s  about  4  feet  away 
and  the  ceiling  is  about  6  feet  away  (these  numbers  differ  slightly  in  ER2).  The 
question  is  an  important  one  because  of  the  angular  Information  required  from 
these  calculations.  In  addition  to  knowing  the  neutron  and  gamma-ray  spectra  at 
a  particular  location.  It  is  necessary  to  also  know  the  "front"  and  "back" 
spectra.  "Front"  means  that  component  of  the  spectrun  which  Is  directed  away 
from  the  front  wall  where  the  reactor  is  located.  In  other  words,  it  is  that 
component  of  the  spectrum  which  would  impinge  upon  the  front  of  an  Irradiation 
subject  facing  the  reactor.  "Back"  refers  to  that  part  of  the  spectrum  which  is 
directed  away  from  the  back  wall.  It  is  the  spectrin  which  would  Impinge  upon 
the  back  of  an  Irradiation  subject  facing  the  reactor.  As  might  be  expected,  the 
back  flux  Is  sensitive  to  the  position  of  the  wall  in  the  spherical  ANISN  model. 
In  general,  the  total  flux  (sum  of  the  front  and  back  fluxes)  Is  not  sensitive  to 
the  wall  position  because  the  front  flux  is  usually  much  larger  than  the  back 
flux. 

This  question  was  resolved  by  comparing  the  back  flux  for  the  ER1  free 
field  case  calculated  with  1-D  and  3-D  codes.  Because  the  3-D  model  has  the 
walls,  ceiling,  and  floor  In  the  proper  position,  the  wall  position  In  the  1-D 
model  was  adjusted  to  agree  with  the  3-D  spectrum.  One-dimensional  calculations 
were  run  with  walls  at  20  feet  from  the  core  center  and  10  feet  from  the  core 
center.  The  1-D  and  3-D  spectra  agreed  best  with  the  walls  at  20  feet.  When  the 
walls  are  moved  in  to  10  feet,  the  magnitude  of  the  back  flux  Increases  by  a 
factor  of  about  3.  It  was  thus  shown  that  the  walls  in  the  1-D  model  for  ER1 

should  be  20  feet  from  the  core  center  and,  by  extension,  the  walls  for  ER2 

should  be  14  feet  from  the  core  center. 

With  geometry  and  wall  position  questions  answered,  the  1-D  models  for 
the  different  cases  could  be  formulated.  They  are  shown  In  Tables  11.3.1  through 
II. 3. 10.  The  position  at  which  the  spectra  were  reported  for  each  case  is  shown 
in  Table  II. 1.2. 
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Table  II. 3.1. 


1-D  Model 


Case  No.. :  1 

Description:  ER1  free  field 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

Al 

26.829 

4. 

Coolant 

Water 

28.575 

5. 

Tank  and  A1  Shield 

Al 

29.251 

6. 

Gd203 

Gd2°3 

29.254 

7. 

Cd  Shield 

Cd 

29.356 

8. 

Ai  r 

Air 

638.956 

9. 

Gd^  Paint 

6d20-j 

638.957 

10. 

Wood 

Wood 

669.438 
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Table  II. 3. 2. 


1-0  Model 

Case  No. :  2 

Description:  ER1  with  6"  Pb  Shield 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

A1 

26.829 

4. 

Coolant 

Water 

28.575 

5. 

Tank  and  A1  Shield 

A1 

29.251 

6. 

Gc^Qj  Paint 

Gd203 

29.254 

7. 

Cadmium 

Cd 

29.356 

8. 

Air 

Air 

43.500 

9. 

A1  Sheet 

A1 

44.135 

10. 

6"  Pb  Shield 

Pb 

59.375 

11. 

A1  Sheet 

A1 

60.010 

12. 

Air 

Air 

609.600 

13. 

Gd203  Paint 

Gd203 

609.601 

14. 

Wood 

Wood 

640.080 
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Table  II. 3.4. 


1-D  Model 


Case  No. :  4 

Description:  ER1  with  2"  Pb  Shield  and  Exercise  Wheel 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

Al 

26.829 

4. 

Coolant 

Water 

28.575 

5. 

Tank  and  A1  Shield 

Al 

29.251 

6. 

Gd203  Paint 

Gd203 

29.254 

7. 

Cachiium 

Cd 

29.356 

8. 

Air 

Air 

43.500 

9. 

A1  Sheet 

Al 

44.135 

10. 

2"  Pb  Shield 

Pb 

49.215 

11. 

A1  Sheet 

Al 

49.850 

12. 

Ai  r 

Air 

71.990 

13. 

Lucite  Box  Wall 

Lucite 

73.260 

14. 

Inside  of  Lucite  Box 

Lucite  at  11%  density 

103.740 

15. 

Box  Wall  and  Exercise 
Wheel  Disc 

Lucite 

106.598 

16. 

Inside  of  Exercise 

Wheel 

Al  at  1%  density 

167.558 

17. 

Exercise  Wheel  Disc 

Lucite 

169.146 

18. 

Air 

Ai  r 

609.600 

19. 

Gd203  Paint 

Gd203 

609.601 

20. 

Wood 

Wood 

640.082 
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Table  II. 3.5. 


1-D  Model 

Case  No. :  5 

Description:  ER2  Free  Field 


Table  II. 3. 6. 


1-D  Model 


Case  No.:  6 

Description:  ER1  Free  Field  -  Core  Moved  Back  12"  in  Tank 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

A1 

26.829 

4. 

Coolant 

Water 

56.769 

5. 

Tank  and  A1  Shield 

A1 

57.445 

6. 

Gd203  Paint 

Gd203 

57.448 

7. 

Cadmi urn 

Cd 

57.550 

8. 

Air 

Air 

640.080 

9. 

Gd203  Paint 

^2^3 

640.081 

10. 

Wood 

Wood 

670.560 
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Table  II. 3. 7. 


1-D  Model 


Case  No. :  7 

Description:  ER1  with  2"  Pb  Shield 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

A1 

26.829 

4. 

Coolant 

Water 

28.575 

5. 

Tank  and  A1  Shield 

A1 

29.251 

6. 

Gd203  Paint 

Gc^Os 

29.254 

7. 

Cadmi um 

Cd 

29.356 

8. 

Air 

Ai  r 

43.500 

9. 

A1  Sheet 

A1 

44.135 

10. 

2"  Pb  Shield 

Pb 

49.215 

11. 

A1  Sheet 

Al 

49.850 

12. 

Air 

Air 

609.600 

13. 

Gd202  Paint 

Gc^Og 

609.601 

14. 

Wood 

Wood 

640.080 

21 


1-D  Model 


Case  No. :  8 

Description:  Flux  at  Pneumatic  Tubes  Near  ER2 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

A1 

26.829 

4. 

Coolant 

Water 

28.575 

5. 

Tubes 

W?tpr  at  43.8%  density 
+  i  at  13.7%  density 

31.750 

6. 

Coolant 

Water 

62.230 

Table  II. 3. 9. 


1-D  Model 


Case  No. :  9 

Description:  ER1  with  6"  Pb  Shield  and  Cylindrical  Phantom 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

A1 

26.829 

4. 

Coolant 

Water 

28.575 

5. 

Tank  and  A1  Shield 

A1 

29.251 

6. 

Gd203  Paint 

Gd203 

29.254 

7. 

Cadmium 

Cd 

29.356 

8. 

Air 

Air 

43.500 

9. 

A1  Sheet 

A1 

44.135 

10. 

6"  Pb  Shield 

Pb 

59.375 

11. 

A1  Sheet 

A1 

60.010 

12. 

Air 

Air 

91.120 

13. 

Phantom 

Phantom  Tissue  Solution 

108.900 

14. 

Air 

Air 

609.600 

15. 

Gd20j  Paint 

Gd203 

609.601 

16. 

Wood 

Wood 

640.080 

i 
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Table  II. 3. 10. 


1-D  Model 


Case  No. :  10 

Description:  ER1  Free  Field  -  Core  Moved  Back  5"  in  Tank 


Zone 

Material 

Outer  Radius  (cm) 

1. 

Core 

Core  material 

23.840 

2. 

Coolant 

Water 

26.353 

3. 

Shroud 

A1 

26.829 

4. 

Coolant 

Water 

39.529 

5. 

Tank  and  A1  Shield 

A1 

40.205 

6. 

Gd203  Paint 

Gd203 

40.208 

7. 

Cadmium 

Ci. 

40.310 

8. 

Air 

Air 

640.080 

9. 

Gd203  Paint 

Gd203 

640.081 

10. 

Wood 

Wood 

670.560 
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3.2.  One-Dimensional  Results 

The  results  of  the  ANISN  calculations  for  all  ten  cases  are  displayed 
In  Figures  II. 3.1  through  II. 3. 60  and  Tables  II. 3. 11  through  II. 3. 30.  The  data 
is  presented  in  increasing  order  starting  with  Case  1.  For  each  case  the  first 
figure  Is  the  front  neutron  spectrin,  the  second  is  front  gamma  spectrum,  the 
third  is  back  neutron  spectrum,  the  fourth  is  back  gamma  spectrum,  the  fifth  is 
total  neutron  spectrum,  and  the  sixth  is  total  gamma  spectrum.  These  six  figures 
are  followed  two  tables  (one  for  neutrons,  the  other  for  gamma  rays)  containing 
the  tabulated  spectra  data.  The  spectra  are  given  in  units  of 
particles/cm  /sec/unit  lethargy/kilowatt  reactor  power.  The  lethargy  width  of  an 
energy  group  with  upper  and  lower  bounds  of  Eu  and  E-j  respectively  is: 


6u  =  ln(E|i/E1). 


(3) 


Thus,  to  get  the  flux  in  units  of  parti  cl es/cnr/ sec  for  a  particular  energy 
group,  the  numbers  given  here  should  be  multiplied  by  the  lethargy  width  of  the 
group  and  the  reactor  power  in  kilowatts.  This  system  of  units  was  chosen  to 
facilitate  comparison  of  these  spectra  with  other  published  data  for  various 
irradiation  fields. 

In  addition  to  the  spectra,  certain  commonly  use  integral  quantities 
were  calculated  for  each  case.  These  responses  are  also  broken  down  into  front, 
back,  and  total  components  and  are  shown  in  Table  II. 3. 31  through  II. 3. 33. 
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1  Free  Field. 


Figure  If. 3.2.  Front  Gamma  Flux  vs  Energy  ER1  Free  Field. 
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Back  Gamma  Flux  vs  Energy  ER1  Free  Field. 
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Figure  II. 3. 6.  Total  (Front+Back)  Gamma  Flux  vs  Energy  ER1  Free  Field. 


Table  II. 3. 11.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt 


ERl  FREE  FIELD 


CROUP 

ENERGY  <EV> 

FRO  ITT 

BACK 

TOTAL 

1 

1.960E+07 

4.97E+03 

O.OOE+OO 

4.97E+03 

2 

1.690E+07 

2 . 66E+04 

O.OOE+OO 

2.66E+04 

3 

1.490E+07 

6 . 56E+04 

O.OOE+OO 

6 . 56E+04 

4 

1 . 420E+07 

7.91E+04 

O.OOE+OO 

7.91E+04 

5 

1.380E+C7 

1 .74E+03 

O.OOE+OO 

1.74E+05 

6 

1 . 280E+07 

2.41E+05 

O.OOE+OO 

2.41E+05 

7 

1 . 22OE+07 

4.93E+05 

O.OOE+OO 

4.93E+05 

B 

1 . 1 10E+07 

9 . 53E+05 

O.OOE+OO 

9.53E+05 

9 

1 .000E+07 

1.B6E+06 

O.OOE+OO 

1 .86E+06 

ie 

9.05OE+06 

3.07E+06 

O.OOE+OO 

3.07E+06 

1 1 

8. I90E+06 

4.91E+06 

O.OOE+OO 

4.91E+06 

12 

7.410E+06 

8. 13E+06 

7.06E+02 

8. 13E+06 

13 

6 . 380E+06 

1.48E+0? 

3.20E+03 

1.4BE+07 

14 

4 . 970E+06 

1 .89E+0? 

9.47E+03 

1  .B9E+07 

15 

4 . 720E+06 

2.22E+07 

3.23E+04 

2-22E+07 

16 

4 . 07OE+06 

2.6IE+07 

8. 05E+04 

2.62E+07 

17 

3.OI0E+06 

3.52E+07 

3.21E+05 

3.56E+07 

IB 

2 . 390E+06 

3.97E+07 

2.98E+05 

4.00E+07 

19 

2.31 0E+06 

3. 15E+07 

2.B3E+05 

3. 18E+07 

20 

1.B30E+0G 

2.71E+07 

2.82E+05 

2.74E+07 

21 

1.  1  1 0E+06 

1.93E+07 

3.23E+05 

1  . 96E+07 

22 

5.500E+05 

9.52E+06 

2.35E+05 

9.75E+06 

23 

1 . 580E+05 

6 . B7E+06 

2.O6E+05 

7.08E+06 

24 

1. 110E+05 

5.27E+0b 

1  . 72E+05 

5  - 44E+06 

25 

5 . 250E+04 

4.05E+06 

1 .57E+05 

4.21E+06 

26 

2.480E+04 

4.48E+06 

1 .54E+05 

4.63E+06 

27 

2. 190E+04 

4.05E+06 

1 .58E+05 

4.20E+06 

28 

1.030E+C4 

3.69E+06 

1 . 64E+05 

3.83E+06 

29 

3.350E+C3 

3 . 50E+06 

1 .71E+05 

3.67E+06 

30 

1 . 230E+C3 

3. 3GC+06 

1 .79E+03 

3.56E+00 

31 

S . 830E+02 

3.09E+06 

1  .B5E+05 

3.27E+06 

32 

1.010E+02 

2.58E+06 

1 .87E+05 

2.77E+06 

33 

2.900E+0 1 

2.O9E+06 

1 .85E+05 

2.27E+06 

34 

1 .070E+01 

1.44E+06 

1.74E+05 

1 .61E+06 

35 

3.O6OE+O0 

7.69E+03 

1 .60E+05 

9.29E+05 

36 

1 .  130E+O0 

3.82E+05 

1 .48E+05 

S.30E+05 

37 

4.  140E-01 

3. 24E+04 

4.05E+04 

7.29E+04 
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Table  II. 3. 12.  Gamma  Flux  per  Unit  Lethargy  per 


ER1  FREE  FIELD 


GROUP 

ENERGY  (EV) 

FRONT 

BACK 

1 

1 . 400E+07 

1 .68E+03 

3.01E+02 

2 

1 . 0OOE+O7 

1 . 05E+07 

0.0OE+0O 

3 

8. 000E+06 

4.07E+0? 

0.0CE+OO 

4 

7 . 000E+06 

2.81E+07 

8.57E+03 

5 

6.000E+06 

348E+07 

1 .75E+03 

6 

5.000E+06 

6. 61 E+07 

0.OOE+OO 

7 

4.000E+06 

1 . 1 1E+08 

0.0PE+OO 

8 

3 . 0OOE+O6 

1 .77E+08 

0.OCE+OO 

9 

2.500E+06 

373E+08 

1 . 22E+06 

10 

2.000E+06 

2 • 85E+03 

0.0OE+0O 

1 1 

1.500E+06 

341E+08 

0.OOE+OO 

12 

1 . 000E+06 

3.58E+08 

3.67E+04 

13 

7 . OO0E+05 

4.24E+08 

5.95E+05 

14 

4. 500E+05 

284E+08 

3. 12E+05 

15 

3.000E+05 

1 .69E+08 

1 . 02E+07 

16 

1 . 500E+03 

9.78E+07 

1  .  19E+07 

17 

1 .000E+C5 

4.93E+07 

1 -21E+07 

18 

7 . OOOE+04 

1 -60E+07 

9.24E+06 

19 

4  - 5C0C+04 

4.22E+06 

3 . 54E*06 

20 

3 . 000E+04 

2.68E+03 

3. 12E+05 

21 

2  - 000E+04 

1 . 38E+03 

1 .49E+03 

Kilowatt. 


TOTAL 


1  -98E+03 
I . 05E+O7 
4.07E+07 
2.8iE+07 
3.48E+07 
6.61 E+07 

1 .  I  IE+08 
1 .77E+08 
3.74E+0S 

2. B5E+08 
3.41E+08 
3.5BE+08 
4.25E+03 
2.84E+08 
I  . 79E+03 
1. 10E+08 
6. 14E+07 
2. 52E+07 
7 . 7oE+06 
5.79E+03 
2.B7E+03 
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Figure  II. 3. 7.  Front  (1-0)  Neutron  Flux  vs  Energy  ER1  with  6"  Pb. 
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Table  II. 3. 13.  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt 


ERl  WITH  6  IN.  PB 

PROItT  BACK  TOTAL 


1 . 06E+03 
5.49E+03 
1 .31E+04 
I.54E+04 
3.3BE+04 
4.59E+04 
0.26E+04 
t .79E+05 
3.48E+05 
5 .63E+05 
9 . 04E+O5 
1 . 49E+06 
2.59E+06 
2. 86 E* 06 
S.38E+06 
9 . 05E+06 
1 .05E+07 
1.28E+07 
I.67E+07 
2. IOE+07 
24OE+07 
1 .21E+07 
8. 18E+06 
5.0OE+O6 
3.57E+06 
3.70E+06 
2.75E+06 
2.46E+06 
2.34E+06 
2.29E+06 
2. IOE+06 

I . 8IE+06 

J. 47E+06 
9.93E+05 
6.08E+05 
3. I5E+03 
3. 63E+04 


0. 00E+00 
0.0OE+00 

e.ooE^oo 

0.0OE+OO 
0.0OE+O0 
0.0OE+OO 
0.0OE+0O 
e.eoE+oo 
e.aoE+oo 
0.0OE+0O 
e.oor+oo 
4. 75E+0 1 
4.20E+02 
1 . 9 1E+03 
8.49E+03 
1.26E+04 
3.94E+04 
5.73E+04 
6 . 79E+04 
1.31 E+05 

2.  52E+05 
2.32E+05 
2. 13E*©5 
1 .67E+C5 
1 .43E+05 
1 . 3BE+05 
1 . 34E+05 
1.34E+05 
| . 39E+05 
1 .45E+05 
1 . 49E+05 
1 . 50I>05 
1 . 47E*05 
1 .39E+05 
1 . 3 1E+03 
1.23E+05 
3.40E+04 


l . 06E+03 

9. 49E+03 

I  .31E+04 

I.S4E+04 

3.38E+04 

♦.59E+04 

V.26E+04 

1 ,79E*05 

34BE+05 

S.63E+05 

9.04E+O5 

1  49E+06 

2.59E+06 

2.86E+06 

3.39E+06 

8 . 06E+06 

1 .06E+O7 

I . 28E+07 

1.68E*07 

2. I 1E+07 

2 ■ 42E+07 

1 .23E+07 

8-40E+06 

5- 17E+06 

3.7 1E+06 

3.B4E+06 

2.89E+06 

2.59E+06 

2.43E+06 

2 . 43E»06 

2.25E+06 

1 . 96E+06 

1 .6 JE+06 

1. 1 3E+06 

7.39E+05 

4.38E+05 

7.04E+O4 
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Table  II. 3.1'.  Gamna  Flux  Per  Unit  Lethargy  Per  Kilowatt 


ER1  WITH  6  IN.  PB 

CROUP  ERERCY  <EV>  FRONT  BACK 


TOTAL 


1 

1 . 400E+07 

2 

1 .0OOE+07 

3 

8. 0OOE+O6 

4 

7. 0OOE+O6 

8 

6.0OOE+06 

6 

5 . 000E+06 

7 

4.000E+06 

8 

3.000E+06 

9 

2. 5O0E+06 

10 

2.0O0E+06 

1 1 

1.500E+06 

12 

1 .  C'j0E+06 

13 

7.000E+03 

14 

4.500E+05 

18 

3.000E^05 

16 

1 . 500E+05 

17 

1 .000E+03 

18 

7.OOOE+04 

19 

4.5OOE+04 

20 

3.00OE+O4 

21 

2.00OE+04 

3. 15E+02 
2.94E+03 
9 . 80E+04 
6.93E+04 
8. 16E+04 
1 .46E+05 
2.06E+05 
8.69E+05 
1 .86E+06 
6.44E+05 
8.41E+C3 
1 . 07E+0& 
6.44E+05 
4. 18E+03 
6.23E+05 
5.69E+03 
5  55E+05 
4.27E+03 
l  .68E+03 
1 . 42E+04 
6.90E+01 


2.40E+02 
1.65E+02 
5 . 77E+02 
3 . 68E+04 
3.99E+04 
3.09E+04 
2. 14E+04 
3.33E+04 
I .60E+O6 
9.27E+04 
2.O"E-r03 
2.09E+05 
1 .61E+05 
3.04E+05 
6.39E+03 
7.01E+05 
7.01E+O5 
5.53E+05 
2. 15E+05 
1.89E+04 
8.7IE+01 


5.55E+02 
3. 11E+03 
9.86E+04 
1 . 06E+O5 
1 .21E+05 
1 . 77E+05 
2.28E+05 
9.02E+65 
3.46E+06 
7.37E+05 

I .30E+06 
0.05E+05 
7.22E+05 
1 .26E+06 
1.27E+06 
1 . 26E+86 
9.77E+05 
3.83E+05 
3.31 EA04 
I.56E+02 
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NEUTRON  ENERGY  (EV) 


Figure  II. 3. 14.  Front  Gamma  Flux  vs  Energy  ER1  With  6"  PB  and  2"  Cave. 
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Figure  II. 3. 17.  Total  (Front+Back,  1-D)  Neutron  Flux  vs  Energy  ER1  With  6"  PB  and  2"  Cave. 
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Figure  II. 3. 18.  Total  (Front+Back)  Gamma  Flux  vs  Energy  ER1  With  6"  PB  and  2"  Cave. 


Table  II. 3. 15.  Neutron  Flux  Per  Unit  Lethargy  Per  Killowatt 


CTO  UP 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
86 
87 


ER1  WITH  6  IN.  PB  AND  2  IN.  CAVE 


EHERCY  CEV) 

FRoirr 

BACK 

TOTAL 

1 . 96OE+07 

1 . 88E+02 

8.82E+00 

1.96E+02 

1 . 690E+07 

9.46E+02 

4.31E+01 

9.B9E+02 

1.490E+07 

2. 13E+03 

9. 50E+O1 

2.23E+03 

1 . 420E+07 

2.43E+03 

1. 19E+02 

2.55E+03 

1.380E+07 

5 . 38E+03 

2.74E+02 

5.65E+03 

1 . 280E+07 

7. 13E+03 

3.87E+02 

7.52E+03 

1.220E+07 

I .42E+04 

8.56E+02 

1 .51E+04 

1. 1 10E+O7 

2.74E+04 

1 .B2E+03 

2.92E+04 

1 . OOOE+07 

5.27E+04 

3.9IE+03 

5.66E+04 

9.050E+06 

8.23E+04 

6 . 64Z+ 03 

B.89E+04 

8. I90E+O6 

1 .32E+05 

I .  I IE+04 

1 .43E+05 

7.410E+06 

2. 13E+05 

1 .B3E+04 

2.31E+05 

6 . 38OE+06 

3.45E+05 

3.60E+04 

3.BIE+05 

4.970E+06 

3.31E+05 

4.42E+04 

3.75E+05 

4.720E+06 

3.9BE+05 

6.96E*04 

4.68E«-05 

4 . 070E+O6 

9 .OlE+05 

2.55E+05 

1 . 16E+06 

3.01OE+06 

3.43E+06 

1.29E+06 

4.72E+06 

2.390E+06 

4.51 E+06 

1 . 70E+O6 

6.21E+06 

2 . 3 10E+06 

1 . 02E+O7 

4.27E+06 

1.45E+07 

1 . 830E+O6 

2. 12E+07 

9.81E+06 

3. 10E+07 

1 . 1 10E+06 

4.97E+07 

2.73E+07 

7.69E+07 

5.500E+05 

4.61E+07 

3 . 08E+O7 

7.69I>07 

1 .580E+05 

3.93E+07 

2.B9E+07 

6 . 82E+07 

1 . J 10E+O5 

3. 18E+07 

2.42E+07 

5.6CE*07 

5 . 250E+04 

2.70E+07 

2.07E+07 

4.77E+07 

2. 48OE+04 

2.54E+07 

1.90E+07 

4.44E+07 

2. 190E+04 

1 .79E+07 

1 . 38E+07 

3.  17E+07 

1 .O30E+04 

1 .33E+07 

1 .02E+07 

2.35E+07 

3. 35OE+03 

1  . 15E+07 

B.83E+06 

2  •  03E+O7 

1 .230E+03 

1 .03E+O7 

7.89E+06 

1 .B2E+07 

5 .  B30E+02 

9.0BE+O6 

6.91E+06 

1 .60E+07 

1 .01OE+02 

B.00E+06 

6. 10E+06 

1 .41E+07 

2.900E+01 

6.75E+06 

5. 16E+06 

1 . I9E+07 

1.07OE+01 

4.92E+06 

S.78E+06 

8.70E+06 

3.060E+00 

3.34E+06 

2. 59E*06 

5 . 93E*06 

1.  130E+00 

1 .92E+06 

1 .5OE*06 

3.42E+06 

4.  140E-01 

B.79E+04 

7.45E+04 

1 .62E+05 
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Table  II. 3. 16.  Ganna  Flux  Per  Unit  Lethargy  Per  Kilowatt 


GROUP 

ER1 

ENERGY  <EV) 

WITH  6  IN.  PB  AND 
FRONT 

2  IN.  CAVE 
BACK 

TOTAL 

1 

2 

1 .400E+07 

B. 65E+00 

7.22E+00 

1.59E+01 

1 .000E+07 

2.80E+01 

8. 67E+00 

3. 67E+0 1 

3 

8.  000E+06 

4. 28E+05 

3 . 56E+05 

7.B4E+0G 

4 

7 . 000E+06 

1 . 38F.+  03 

1 . 12E+05 

2 . 50E+03 

5 

6.C00E+06 

5 . 39E+04 

4.  H'E+04 

9 . 55F+04 

6 

3.OOOE+06 

7. I8E+04 

5.54E+04 

1 . 27E+05 

7 

4. OOOE+06 

6. 5OE+04 

4.68E+04 

1 . 12E+05 

6 

3.000E+06 

2.20E+05 

1 . 56E+05 

3.76E+05 

9 

2. 500E*06 

6 . 32K+04 

3.7IE-T04 

i .  ocr.i  03 

10 

2.OOOE+06 

1 . 32E+05 

B.B3E+04 

2.20E+03 

1  l 

1 .5OOE+06 

9.86E+04 

6.44E+04 

1 . 63E+05 

12 

1  .OOOE+06 

5.75E+05 

4.91E+05 

1 .07E+O6 

13 

7.000E+05 

4 . 86E+05 

4 . 39E+05 

9.25E+05 

14 

4. 500E+05 

9.04E+04 

8. 37C+04 

1 . 76E+05 

15 

3 . 000E+05 

1 . 58E+04 

1 .97E+04 

3 . 5(  E+04 

16 

1 .500E+05 

3.25E+02 

4.62E+02 

7.87E+02 

17 

l . 00OE+05 

9. 14E+00 

J .37E+0I 

2.2rE+01 

18 

7.000E+04 

I . 36E+00 

I . 06E+00 

2.42E-00 

19 

4 . 5OOE+04 

2.01E-OI 

1 .74E-01 

3 . 73E-0 1 

20 

3.0OOE+04 

4.48E-02 

4.20E-02 

8. 63~-02 

21 

2 . 000E+04 

1 . I5E-02 

9.B3E-03 

2. 14E-02 
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Figure  II. 3. 19.  Front  (1-0)  Neutron  Flux  vs  Energy  ER1  With  2"  PB  and  Exercise  Wheel. 
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Table  11.3,17.  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ER1  WITH  2  IN.  PB  AND  EXERCISE  WHEEL 


CROUP 

MERCY  (EV) 

FRONT 

BACK 

TOTAL 

1 

1 . 960E+07 

2.90E+03 

6.  I6E+01 

2.96E+03 

2 

1 .690E+07 

1  51E+04 

3.29E+02 

1 .54E+04 

3 

1 .490E+07 

3.63E+04 

8.02L+O2 

3.71 E+04 

4 

1 . 420E+O7 

4. 33E+04 

9.  I  1  Ei-02 

4.42E+04 

8 

1 . 380E+07 

9.49E+04 

2.04E+03 

9.69E+C4 

6 

1 . 280E+07 

1 .32E+05 

2.89E+03 

1 . 35E+03 

? 

1 -220E+07 

2.65E+05 

5 . 45E-I-03 

2.70E+C3 

B 

1. 1 I0E+07 

5. 15E+05 

9 . 97E+03 

3.25E+03 

4 

1 .000E+07 

9 . 78E+05 

1 .99E+04 

9.96E+03 

10 

9.050E+06 

1 .63E+06 

4.  17E*04 

1 ,67E»06 

1  1 

8. 190E+06 

2.3IE+06 

B.  I6E+04 

2.59E+06 

12 

7.410E+06 

4.42E+06 

1 .26E-03 

4.55E-06 

13 

6 . 380E+06 

7.85E+06 

3 . 46E+05 

B.20E+06 

14 

4 . 970E+06 

9.77E+06 

3.79E+05 

1 .04E+07 

IS 

4.720E-  06 

1. 14E+07 

6.77E+05 

I.21E+07 

16 

4 . 070E+06 

I.40E+0? 

I.02E+06 

1 .50E+07 

17 

3. 0 10E*U6 

2. 1BE+07 

2.51E+06 

2 . 43E+07 

18 

2. 390E+06 

2.56E+0? 

2.40E+06 

2. B0E+07 

14 

2. 3 10E+O6 

2.41E+07 

2 . 75E+06 

2.69E+07 

20 

I . 830E+06 

2 ■ 42E+07 

3. 14E+06 

2 . 73E+07 

21 

1.  110E+06 

2.08E+07 

3.7 1E+06 

2.45E+07 

22 

5 . 5001>0o 

1 . 22E+07 

3. 26 E* 06 

1 .54S>C7 

23 

1 . 580E+03 

9.20E+06 

3.07E+O6 

I.23E-07 

24 

1 . 1 10E+O5 

7.47E+06 

2 . 79E*06 

1 .03E+07 

23 

S . 25OE+04 

6.21E+06 

2.67E+06 

8.8GE+06 

26 

2 . 480E+04 

5 . BGE+06 

2.68E+06 

B.56E+06 

27 

2.  190E+04 

5.53E+06 

2.65E+06 

8. 1BE+06 

28 

1 .O3OE-04 

5.33E+06 

2.73E+06 

8.07E+06 

24 

3.35OE+03 

5.30E+06 

2.83E*06 

B. I3E+06 

30 

I . 230E+03 

54IE+06 

2.94E+06 

B.35E+06 

31 

5.830E-02 

5.54E+06 

3 . 03E+06 

G.6_r*06 

32 

1 .OJ0E+02 

5 . 70E+06 

3 . 22E*06 

8.92L+06 

33 

2 . 900E+0 1 

3.79E+06 

3.32E+06 

9. 1 1E+06 

34 

1 .070E+01 

5.78E+06 

3 . 39E+06 

9.  17E+06 

35 

3.O6OE+00 

5 . 76E+06 

3.47E+06 

9.22E+06 

36 

1.  130E+00 

8.6OE+06 

3 . 48E+06 

9.0GE+06 

37 

4.  140E-01 

I .77E*07 

1 .67E+07 

3. 44E+07 
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Table  II. 3. 18.  Ganna  Flux  Per  Unit  Lethargy  Per  Kilowatt 


ER1  WITH  2 

IN.  PB  AND 

EXERCISE  WHEEL 

CROUP 

ENERGY  <EV> 

FRONT 

BACK 

, 

1 .400E+07 

4. 17E+03 

3.32E*02 

2 

1 .000E+07 

6.70E+05 

8. 66E+03 

3 

8 . 000E+06 

6 . 32E+06 

6 . 24E*05 

4 

7 . OOOE+06 

2 . 93E+06 

1.83  V.*  03 

5 

6 . 000E+06 

3.77E+06 

1 . 83V-03 

6 

5 . OOOE+06 

8. 95E+06 

1 . 0OE-06 

7 

4 . OOCt+06 

1 . 32E+07 

5. 12E-03 

8 

3 . 000E+06 

2.21E+07 

4 . 90003 

9 

2 . 500E+06 

i  .  aor.+os 

6 . 96E-07 

10 

2. 000E+06 

4.07E+O7 

2.  1 3E’  C6 

1 1 

1 . 500E+06 

3.79E+07 

2. 23E*C6 

12 

1 .000E+06 

2.74E+0? 

1 .90V*06 

13 

7 . 000E+03 

2.38E+07 

3. 32E*06 

14 

4.500E+05 

1 . 90E+07 

6.94V+06 

15 

3. 000E*05 

1 . B2E+07 

1.51E-07 

16 

1 . 500E+05 

1 .53E+07 

1  . 14E+07 

17 

1  .OOOE+05 

1  .  19E+07 

9.83E+06 

18 

7 . G00E+04 

7.46E+06 

6.42E+06 

19 

4 . 50OE+04 

2.69E+06 

2.31E+06 

20 

3 . 0OOE+O4 

3. 1 1E+05 

2.91E+05 

21 

2 . 000E+04 

2.B8E+03 

2 . 8^2*03 

TOTAL 


4.5IE+03 
6.79I>03 
6 . 93E+06 

3.  12 
3.96E+06 
9.95E+06 
I  . 37E*07 
2.26E+07 
2. 5CE+08 
4.29E+07 

4.  C2E+07 
2. 94E+C7 
2.71E+07 
2 . 60t»G7 
3 . 32E+07 
2.67L+07 
2. 17E-07 
1 .39E+07 
5.0lE*rt' 
6.02L+O3 
5 . 74!. *03 
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Figure 


II. 3. 27.  Back  (1-D)  Neutron  Flux  vs  Energy  ER2  Free  Field. 


Table  II. 3. 19.  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ER2  FREE  FIELD 


CROUP 

ENERGY  (EV) 

FRONT 

BACK 

TOTAL 

1 

1 .960E+O7 

4.71E+03 

0.0OE+0O 

4.71E+03 

2 

1 . 690E+O7 

2.51E+04 

O.0OE*00 

2.51E+04 

3 

1 -490E+07 

6. 19E+04 

e.eor+oo 

6.  19E+04 

4 

1 .42OE+07 

7.4SE+04 

O.0OE+OO 

7.43E+04 

5 

1 . 380E+07 

1 .63E+05 

0.0OE-OO 

1 .63E+05 

6 

1 .280E+07 

2 . 26E+05 

0.0OE+OO 

2.26E+03 

7 

1 .220E+07 

4.62E+05 

0 . 00E+0O 

4.62E+05 

8 

1.  1  10E-*-07 

8.93E+05 

0 . 0OE+OO 

8.93E+03 

9 

1 .0OOE+O7 

1 . 73E+06 

0. 00E*OO 

1 .73E+06 

10 

9 . 05OE+06 

2 . 85E+06 

0.00E-0O 

2.83E+06 

1  1 

8.  190E+06 

4.56E+06 

0. 00E*0O 

4.56E+06 

12 

7.410E+O6 

7.53E+06 

0 . 0OE+O0 

7.53E+06 

13 

6  380E+06 

1 .36E+07 

3 . 7 1E+02 

1 .36E+0? 

14 

4 . 970E+06 

1 .73E+07 

7.31 E+03 

1 .74E+07 

15 

4 . 720E+06 

2.02E+O7 

2.74E-04 

2.02E+07 

16 

4.07OE+06 

2.34E+07 

9.56E+04 

2 . 35E+07 

1? 

3.01 0E+06 

3. 18E+07 

4 . 73E-*-05 

3.23E+07 

18 

2 . 39OE+06 

3.60E+07 

4. 17E*05 

3.64E+07 

19 

2.310E+O6 

2.81E+07 

4.04E+O5 

2.83L+07 

20 

I.630E+06 

2.39E+07 

4. 08E*O5 

243E+07 

21 

1. 1 10E-06 

1 .68E+07 

4. 80E+03 

1 . 73E*07 

22 

5 . 500E+05 

8.24E+06 

3 . 49E+05 

B.59E+06 

23 

1 .380E+05 

5.93E+06 

3 . 0OE*O5 

6.23E+06 

24 

1.  1 10E+O3 

4.58E+06 

2. 55E+05 

4.83E+06 

2  3 

5 . 250C+C4 

3.56E+06 

2.33E+05 

3 ■ 79E*06 

26 

2.48OE*04 

3.B6E+06 

2 . 29E»05 

4.0>E*06 

2? 

2. 190E+04 

3.54E+06 

2.32E+05 

3.78E+06 

28 

1 . 030E+04 

3.28E+06 

2.43E+05 

3.52E+06 

29 

3 . 350E+03 

3. 19E+06 

2.53E+05 

3 . 45E*06 

30 

1 .230003 

3.  I8E+03 

2.69E-03 

3. 45E+06 

31 

8.83CE-02 

3. 16E+06 

2. 83->05 

344E+06 

32 

1 .010E+02 

3. 16E+06 

3 . 06E»O5 

3.47E+06 

33 

2.900E+01 

3. 17E+06 

3. 18E+05 

349E+06 

34 

1 .070E+01 

3. 14E+06 

3.29E+05 

3.47E+06 

35 

3 . 060E*O0 

3. 14E+06 

3 . 38E*©5 

3.4BC+06 

36 

1 .  130E*00 

3.09E+06 

3 . 42E+05 

3 . 43E+06 

37 

4.  140E-01 

2 . 84E+06 

1 .60E*O5 

3.00C+06 
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Table  II. 3. 20.  Ganna  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


f 

1 


ER2  FREE  FIELD 

CROUP  ENERGY  <EV)  FRONT  BACK 


TOTAL 


1 

1 . 40OE+O7 

2 

1 .000E+07 

3 

8. O0OE+06 

4 

7 .  C00E’-C6 

5 

6 . 0OOE+O6 

6 

5 . COOE^OO 

7 

4 . 000E+06 

8 

3. 000E^06 

9 

2.500E+06 

10 

2 . GG0E+06 

1  1 

1 .500E*06 

12 

1 .000E+06 

13 

7. OOOE+05 

14 

4.500E+05 

15 

3. 000E+05 

16 

1 . 500E+C3 

17 

1 .OOOE+05 

18 

7.CO0E-04 

19 

4.500E+04 

2« 

3 . OOOE+04 

21 

2.000E+04 

6.48E+03 
1 . 03E+O7 
4.0OE+O7 
2. 46E+07 
3. 10C+07 
6 . 28E+07 
1 . 07E+O8 
1 . 70E+O8 
3.70E+08 
2.76E+08 
3.20E+08 
3.34E+OS 
3.58E+08 
2.62E+03 
1 . 55E+08 
1 . 04E+O8 
6.56E+07 
2.88E+07 
7 . 40E+06 
5 . 93E+03 
2 . 68K+03 


2. 18Z+03 
0.0OE+OO 
0.0OE-OO 
1 . 19E*03 
1 . 08E^ 05 
1 .0OZ*O3 
0.OOE+OO 
0. 00E-00 
2 . 79E+06 
0. 0OZ+OO 
0. 0OE+OO 
5.33E+05 
1 . 22E*06 
5.70E+03 
1 .76E+07 
2. 13E*07 
2.24E+07 
1 .76E+07 
6 . 82E+06 
5.98E*05 
2 . 53E-03 


B.66C+03 
1.03E+07 
4 . 0OE+O7 
2. 47EJ-07 
3. I 1E+07 
6.2EE+07 
1 . 07E+0G 
1 . 7CE+03 
3.73E+08 
2.76E+08 
3.2LL+0G 
3.33E+C3 
3.60E+08 
2.63E+03 
1 .73E+08 
1 .25E+03 
8. 80E+07 
4.64C+07 
1 .42E+07 
1 .  19L+0'. 
5.21E*CC 


1 


1 


NEUTPON  ENERGY  (EV) 


Figure  II. 3. 36.  Total  (Front+Back)  Gamma  Flux  vs  Energy  ER1  Free  Field  With  12"  Water. 


Table  II. 3. 21.  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ER1 

FREE  FIELD  WITH 

12  IN.  WATER 

CROUP 

ENERCY  (EV) 

FRONT 

BACK 

TOTAL 

1 

1 .960E+07 

6.97E+02 

0.00E+00 

6.97E+02 

2 

1 .690E+07 

3.03E+G3 

e.eoE*o0 

3.03E-O3 

3 

1.490E+07 

6 . 56E+03 

0.0OE-00 

6.56E+03 

4 

1 . 420E+O7 

7.46E+03 

0.0OE+0O 

7.46E-03 

5 

1 . 380E+07 

1 .57E+04 

0. 0OE-00 

I.57E-04 

6 

1 . 280E+07 

2.22E+04 

0.03E+OO 

2.22E+04 

7 

I . 22OE+07 

3. 59E+04 

0. 0OE+00 

3.59E+04 

B 

1. 1 I0E+07 

7. 12E+04 

0.0.TtO0 

7. 12E+04 

9 

1.0OOE+O7 

1 .29E+05 

0.0OE+OO 

1.29E+05 

10 

9 . 05OE+06 

1 .77E+05 

0 . 0OE-OO 

1 .77E+05 

1 1 

8. 19OE+06 

2.65E+03 

0.0OE-OO 

2. 65E+0." 

12 

7.410E+O6 

3.99E+05 

4.74E+01 

3.99E+05 

13 

6 . 3B0E+06 

5.91E+05 

2 . 04E+O2 

5.91E+05 

14 

4.970E-06 

6.35E+05 

3 . 62E+02 

6.55E+05 

15 

4. 720E+06 

6. 1 1E+03 

1.67E+03 

6. 13E+05 

16 

4.070E+06 

4.7 1E+05 

3.01E+03 

4.74E+05 

17 

3. 0 10E+O6 

6 . 38E+03 

6 . 97E+03 

6.45E+05 

18 

2. 390E+06 

8. 1 1E+05 

6.4IE+03 

8. 17E+05 

19 

2.31OE+06 

4.6BE+05 

6 . 07E-O3 

4.74E+05 

20 

1.830E+06 

3.21E+05 

3.06E+03 

3. 27E+05 

21 

1.  1  10E-06 

1 .96E+05 

4.66E+03 

2.0OE+O5 

22 

5 . 500E+05 

9.02E+O4 

3. 02E-O3 

9 . 32T-04 

23 

1 . 580E+05 

6 . 27E+04 

2 . 53E+03 

6.52E-04 

24 

1 . 1 1OE+05 

4.76E+04 

2. 10E+03 

4.97E+04 

25 

3 . 250E+04 

3.62E+04 

I .89E-03 

3.B1E+04 

26 

2.480E+04 

3.96E+04 

1 .85E+03 

4. 15E+04 

27 

2.  190E+04 

3. 35E+04 

I.86E+03 

3.73E+04 

28 

1 . 03OE+O4 

3. I4E+04 

1 . B9E-03 

3.33E+04 

29 

3.350E+03 

2.91E+04 

I . 92E-03 

3. 10E+04 

30 

1.23OE+03 

2.76E+04 

1.97E+03 

2.96E+04 

31 

5 . 830E+02 

2.47E+04 

2.0  IE-03 

2.67E+04 

32 

1 .010E+02 

2.07E+O4 

2. OOE-03 

2.27E+0-' 

33 

2 . 900E+0 I 

1 .65E+04 

1 .96E+03 

1.84E+04 

34 

1 .070E+01 

1. 14E+04 

1.86E+03 

1 .33E+04 

S3 

3.06OE+00 

6.35E+03 

1 .75E+03 

8.3IE+03 

36 

1. 130E*0O 

3 . 33E+03 

1 .65E+03 

4.99E+03 

37 

4. 140E-01 

3.86E+02 

4.73E+02 

8.59E+02 
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Table  II. 3. 22.  Gamma  Flux  Per  Unit  Lethargy  Per 


ER1  FREE  FIELD  WITH  12  IN.  WATER 


CROUP 

EWERCY  <EV) 

FRONT 

BACK 

1 

1 . 400E+07 

6 . 08E+O2 

3 . O'E+OO 

2 

1 .000E-07 

5.41E+06 

0. OOE+OO 

3 

8.0OOE+O6 

2.04E+O? 

0.0OE+OO 

4 

7.  ooor.+06 

1 . 23E+07 

0.00E*OO 

3 

6.000E+06 

1 . 53E+07 

0 .  OOE+0© 

6 

3 . 000E+06 

2.83E+07 

0. 00E+00 

7 

4 . 000E+06 

4.43E+07 

0. 00E+OO 

8 

3 ■ 000E+06 

6.36E+07 

0 . 0OE+00 

9 

2. 5OOE+06 

2.06E+O8 

0.OOE+O0 

10 

2.00OE+06 

1 . 19E+08 

0.00E+O0 

1  1 

1 .  o  0  C  11^06 

1 .26E+03 

o.oor>0o 

12 

1 .  CuOE+Ob 

1 .29L-r03 

0.002+00 

13 

7 . 0OOE+O5 

1 . 4CE+08 

2. 14E+05 

14 

4 . 5O0E+O3 

1.23E+08 

4.77E+04 

15 

3.OO0E+03 

1 . 23EtOB 

3.82E+06 

16 

1 . 500E+C5 

1 . 22E+08 

5.84E+06 

17 

1 . 0OOE+05 

1 . 1 1E+08 

7.48E+06 

18 

7 . 0O0E+O4 

6 .22E+07 

6.81E+06 

19 

4 . 500E+04 

9.76E+06 

2.72E+06 

20 

3 . 000E+04 

2. 43E+03 

2.4^E+03 

21 

2 ■ 0OOE+O4 

1 . 02E+O3 

1  .  10E-03 

Kilowatt. 


TOTAL 


6. 1 1E+02 
5.4IE+06 
2 . 04F.+07 
1 .2CE+0? 
1 . 53E+07 
2. B3E+07 
4.43E+07 
6.36E+07 
2 . 06E+08 
1.  19E+08 

i  .2(-r-  or 

1 .2+E+08 
1.40E+08 
1 . 23E+OG 
1 .27E+03 
I . 2&E+0C 
I .  18E+08 
6.91E+07 
1 .25E  +  07 
4.832+0.- 
2. 12E-CO 
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Figure  II. 3. 37.  Front  ( 1 -D)  Neutron  Flux  vs  Energy  ER1  With  2"  PB. 


Figure  II. 3. 38.  Front  Gamma  Flux  vs  Energy  ER1  With  2"  PB. 


Table  II. 3. 23.  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ER1  WITH  2 

IN.  PB 

CROUP 

EHERCY  (EV) 

FR03T 

BACK 

1 

1 . 960E+07 

2 . 82E+03 

0.0OE+00 

2 

1 .690E+07 

1.48E+04 

0.0OE+OO 

3 

1 . 490E+07 

3.61E+04 

0 . 0OE+OO 

4 

1.420E+07 

4.32E+04 

0.0OE+OO 

3 

1 . 380E+07 

9.51E+04 

0.OOE+OO 

6 

1 . 280E+07 

1 . 3 IE+05 

0.OOE+OO 

7 

1 .220E"C7 

2.68E+05 

0.OOE+OO 

8 

1.  1 10E+C7 

3 . 18E+03 

0.0OE+OO 

9 

1 .O00E+07 

1 . 0 ) E+06 

0.0OE+OO 

10 

9.050E+06 

1 .66E+06 

0.OOE+OO 

1 1 

8.  190E+06 

2.66E+06 

0.OOE+OO 

12 

7.41 0E+06 

4.42E+06 

2.32E+01 

13 

6 . 380E+06 

8. 05 E+06 

1 . I2E+03 

14 

4.970E+06 

9.95E+06 

5.05E+O3 

15 

4.720E+06 

1 . 19E+07 

1 .76E+04 

16 

4 . 070E+O6 

1 .55E+07 

4.39E+04 

17 

3 . 0 10E+06 

2.48E+0? 

1  . 94E+05 

18 

2.390E+06 

2.86E+07 

1.82E+05 

19 

2 . 3 I0E+06 

2. 72E+07 

1.87E+05 

20 

1 . 830E+06 

2.67E+07 

2.30E+05 

21 

1. 1 I0E+06 

2.24E+07 

3. 15E+P5 

22 

5 . 5OOE+05 

1 .03E+O7 

243E+05 

23 

1.583E+C5 

7. 51 E+06 

2. 14E+05 

24 

1. 1 10E+05 

4. 91 E+06 

1.73E+05 

25 

3 . 250E+04 

3.57E+06 

1 .32E+05 

26 

2.480E+04 

3.95E+06 

I.47E+05 

27 

2. 190E+04 

3.34E+06 

1 .49E+03 

28 

1.030E+04 

3 . 07 E+06 

1 .53E+05 

29 

3.350E+03 

2.93E+06 

1.60E+05 

30 

1 -230E+03 

2. B6E+06 

1 .67E+05 

31 

3 . B30E+02 

2 . 6  1  E+06 

1 .72E+05 

32 

1.010E+02 

2. 24E+06 

1 .76E+03 

33 

2. 9C0E+0  1 

1 .76E+06 

1 .7IE+C5 

34 

I.070E+01 

1 . 22E+06 

1 .63E+05 

35 

3.06OE+0O 

6 . 94E+05 

1 .32E+05 

36 

1. 130E+00 

3.43E+05 

1 .42E+05 

37 

4. 140E-01 

3.89E+04 

3.96E+04 

TOTAL 


2. 82E+03 
1 .48E+04 
3.61E+04 
4.32E+04 
9.51E+04 
I.3IE+05 
2.6EE+05 
5. I8E+05 
1  .O1E+06 
1 .66E+06 
2.66E+06 
4.42E+06 
8 . 05E+06 
9.96E+06 

1 .  19E+07 
I.55E+07 
2. 50E+07 

2. B7E+07 
2.74E+07 
2.69E+07 
2. 27E+07 
1 .05E+0? 
7.72E+06 
5 . 0Cr+06 
3.72E+06 
4. 10E+06 
3.49E+06 
3.22E+06 
3.09E+O6 
3-03E+06 
279E+06 
2.42T+06 
I  .  93E+0t> 
1 .3BE+06 
8.46E+03 
4 . 

7.84E+04 
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Table  1 1. 3. 24.  Ganna  Flux  Per  Unit  Lethargy  Per  Kilowatt 


ER1  WITH  2  IN.  PB 


CROUP 

EHERCY  (EV) 

FROirr 

BACK 

1 

1 .400E+07 

4 . 44E+02 

2.78E+02 

2 

1 .000E+07 

5. 45E+05 

5.96E+00 

3 

8 . 000E+06 

2.4BE+06 

7.79E+01 

4 

7 . 000E+06 

2.05E+O6 

4.21E+04 

5 

6.C00E+C6 

2.82E+06 

4 . 23E+04 

6 

5 . 000E+06 

5 . 66E+06 

3.33E+04 

7 

4.0C0E-06 

1 .05E+07 

3.04E+03 

8 

3 . OOOC+06 

1 . 88E+07 

1 . 04E+O3 

9 

2.500E+06 

3.39E+07 

1 .83E*06 

10 

2 . 000E+06 

3.01E+07 

5.74E+03 

1  1 

1 . 500E+06 

2.86E+07 

1 . 52E*05 

12 

1 .0OOE+O6 

1 .83E+07 

2 . 64E+05 

13 

7 . 000E+05 

1 . 16E+07 

2 . 68E+05 

14 

4 . 500E+05 

3.61E+06 

3 . 24E*05 

15 

3 . 000E+05 

1 .73E+06 

1 . 2oE+06 

16 

1 . 500E+03 

1 .24E+06 

1 .29E+06 

17 

1 . 0OOE+O3 

1  .  12E+06 

1 ,21E*06 

18 

7 . 000E+04 

8.0IE+03 

9.54E+03 

19 

4 . 500E*04 

3.00E+03 

3 . 74E-05 

20 

3.000E-04 

2.6 1E+04 

3.3OE+04 

21 

2  - 0OOE+04 

1 .29E+02 

1 . 53E+02 

TOTAL 


7.22E+02 
5 . 45E+05 
2.48E+06 
2.09E+06 
2. 86E+06 
5.69E+06 
1 .05E+07 
1 .8GE+07 
3. 53E+07 
3.02F.+  07 
2.8EE+07 
1 .B3E+07 
1 . 1GE+07 
3.94E+06 
2.99E+06 
2.44F.+06 
2.33E+06 
1 . 75E+06 
6.79;>C3 
5.9rr.+o'r 
2.82E+02 
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Figure  II. 3. 43.  Front  ( 1 -D )  Neutron  Flux  vs  Energy  at  Center  of  Pneumatic  Tubes 


Figure  II. 3. 45.  Back  (3-0)  Neutron  Flux  vs  Energy  at  Center  of  Pneumatic  Tubes. 


Back  Gamma  Flux  vs  Energy  at  Center  of  Pneumatic  Tubes. 


,01  JOI  pi  90l  pi  pi 

liyMOUX  d3d  A0dyH131  UNO  d3d  XfTU  N0din3N 


Figure  II. 3. 48.  Total  (Front+Back)  Gamma  Flux  vs  Energy  at  Center  of  Pneumatic  Tubes. 


Table  II. 3. 25.  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt 


PNEUMATIC  TUBES  NEAR  ER2 


GROUP 

ENERGY  (EV> 

FROFT 

BACK 

TOTAL 

1 

1.960E+07 

6 . 26E+04 

7.35E+02 

6.34E+B4 

2 

1.690E+07 

3 . 35E+05 

8.95E+03 

3.3BE+05 

3 

1 . 490E+07 

8.25E+05 

1 . 05E+04 

8.36E+05 

4 

1 . 420E+07 

9 . 9 1E+05 

1. 17E+04 

1 . 00E+06 

0 

1 . 380E+07 

2. 17E+06 

2. 52E+04 

2.20E+06 

4 

1.280E+07 

3.03E+06 

4.24E+04 

3.07E+66 

7 

1 . 220E+0? 

6. 1BE+06 

8.75E+04 

6.27E+06 

8 

1. 1 10E+07 

1.  19E+07 

1.83E+05 

1 . 2 1E+07 

9 

1 . 000E+07 

2.32E+07 

4.65E+03 

2.37E+07 

ie 

9.05OE+O6 

3.B3E+07 

9.37E+05 

3.92E+67 

1 1 

8. 190E+06 

6. 15E+07 

1.61E+06 

6.31E+67 

12 

7.410E+06 

1 ■ 02E+08 

3.39E+06 

1 . 06E+08 

13 

6 . 3B0E+06 

1.B8E+0B 

8.71E+06 

1.96E+08 

14 

4.970E+06 

2.4OE+08 

1 . 34E+07 

2. 54E+08 

15 

4 . 720E+06 

2.80E+0B 

1 . 52E+07 

2. 95 E+08 

16 

4 . 070E+06 

3. 36E+08 

2.65E+07 

3 . 62E+08 

17 

3. 010E+06 

4. 52E+0B 

4. 52E+07 

4. 97E+0B 

18 

2. 390E+06 

5.  13E+0B 

3.B3E+07 

8 . 52E+06 

19 

2 . 3 10E+06 

4.00E+0B 

3.  I5E+07 

4.32E+08 

20 

1.830E+06 

3.61E+08 

4.  99E+07 

4. I 1E+0B 

21 

1.  U0E+06 

2.74E+0B 

6 . 32E+07 

3 . 37E+0B 

22 

5 . 590E+05 

1 .53E+08 

5.O1E+07 

2.03E+08 

23 

1 . 58OE+05 

1 . 15E+0B 

4 . 58E+07 

1.61  E+08 

24 

1. 1 10E+05 

9.36E+07 

4.02E+07 

1 . 34E+08 

25 

5 . 250E+04 

7.75E+07 

3.77E+0? 

1. 15E+08 

26 

2. 4BOE+04 

7.45E+07 

3.59E+07 

1. 10E+68 

27 

2. 190E+04 

7.01E+07 

3.52E+07 

1 . 05E+08 

28 

1 . O30E+04 

6.73E+07 

8.60E+07 

1 . 03E+08 

29 

3. 350E+03 

6.67E+07 

3.70E+07 

1 . 04E+08 

30 

1 . 230E+03 

6 . 76E+07 

3.84E+07 

I. 06 E+08 

31 

5.B30E+O2 

6.B8E+07 

4.00E+07 

1.09E+08 

32 

1 .010E+02 

7.06E+07 

4. 1BE+07 

1. 12E+08 

33 

2.900E+01 

7. 19E+07 

4.31E+07 

1. 15E+08 

34 

1 . 070E+0 1 

7.27E+07 

4.41E+07 

1. 17E+08 

35 

3 . 060E+00 

7.S9E+07 

4.B3E+07 

1 . I9E+08 

36 

1. 130E+00 

7.3BE+87 

4. S8E+07 

1 . 20 E+08 

37 

4. 140E-8I 

3. 17E+48 

S.ME+06 

6. 17E+08 
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Table  II. 3. 26.  Ganna  Flux  Per  Unit  Lethargy  Per  Kilowatt 


PNEUMATIC  TUBES  NEAR  ER2 


CBOUP 

ENERGY  (EV) 

FRONT 

BACK 

1 

1 . 400E+07 

1 . 94E+04 

1 . 78E+03 

2 

1 .000E+07 

1.41E+08 

8.34E+05 

3 

8 . 000E+06 

7. 16E+08 

6.29E+07 

4 

7 . 000E+06 

3 . 65E+08 

1 . 42E+07 

5 

6.000E+06 

4.55E+08 

1 .46E+07 

6 

5 . 000E+06 

9.56E+08 

4.  17E+07 

7 

4.000E+06 

1.52E+09 

3.42E+07 

8 

3 . 000E+06 

2.38E+09 

3. 9 1E+07 

9 

2 . 500E+06 

7.77E+09 

2.03E+09 

10 

2.000E+06 

4.01E+09 

1 . 18E+08 

1  1 

1 . 500E+06 

4.64E+09 

1 .  12E+0B 

12 

1 . 000E+06 

4.95E+09 

1 .  10E+08 

13 

7 . 000E+05 

5 . 67E+09 

3.01E+08 

14 

4 . 500E+05 

4.84E+09 

8. 56E+08 

15 

3 . 000E+05 

3 . 88E+09 

3. 1BE+09 

16 

1 .50OE+05 

3.52E+09 

3. 14E+09 

17 

1 . 000E+05 

2.92E+09 

3.08E+09 

18 

7.000E+04 

1 . S7E+09 

2.01E+09 

19 

4 . 300E+04 

2 . B3E+08 

4.04E+08 

20 

3 . 000E+04 

9.69E+06 

1. 15E+07 

21 

2 . 000E+04 

1 . 73E+04 

1 .87E+04 

TOTAL 


2.  12E+M 
i  .42E+ea 
7 . 79E+08 
3.79E+08 
4.69E+0B 
9 . 98E+08 
1.55E+09 
2.42E+09 
9 . 80E+09 
4. 12E+09 
4.76E+09 
5.06E+09 
5.97E+09 
5.70E+09 
7 . 06E+09 
6.65E+09 
5.99E+09 
3.38E+09 
6.87E+08 
2. 12E+07 
3.60E+04 
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NEUTRON  ENERGY  (EV) 


Figure  II. 3. 50.  Front  Ganna  Flux  vs  Energy  ER1  With  6"  PB  and  Phantom. 
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Table  II. 3. 27.  Neutron  Flux  Per  Unit  LEthargy  Per  Kilowatt. 


ER1  With  6"  Pb  and  Phantom 


MOUP 

ENEK6V  (EV) 

raom 

SACK 

TOTAL 

1 

1 .9606*07 

6 . 55E*02 

1.356*01 

6.686*02 

§ 

I  .4906*07 

j.2«E»«3 
* .376*03 

0.2ZE*0l 

1  .  S3E*02 

3 • 26£*C3 
7.536*03 

4 

1 .420E*07 

0.51 £*03 

1.706*02 

8.686*03 

5 

1 .380E*07 

1 .0SE*04 

3 . 59E*0  2 

1 .88E*04 

6 

1 .2B0E*07 

2.54E+04 

5.496*02 

2.606*04 

7 

1  .220£*07 

4 . 0 1 E  *04 

l  .  106*03 

4.926*04 

• 

1 ■ 1 10E  *07 

9.306*04 

2.246*03 

9.60E*04 

9 

1 .000E  *07 

1 . 77E*05 

S . 526*03 

1.026*05 

10 

9 . 050E *06 

2 . 77E*05 

1 . 08E  *04 

2 . 87E*05 

1 1 

0. 190E*06 

4.326*05 

1 . 806  *04 

4 . 50E  *05 

12 

7.410E*06 

7.226 *05 

3.416*04 

7 . 56E*05 

if 

f  ifSi:!f 

1 .20E*06 

1.56E*f6 

7.966*04 

1.14 E*fS 

1 .2BE*06 
1. 471*16 

IS 

4 .7206*06 

1 .466*06 

1  .  19E*05 

1.586*06 

IS 

4.0706*06 

1 .00E*0 6 

1.736*05 

1 .9BE*06 

17 

3.010E*06 

3 . 33E»06 

3.126*05 

3.646*06 

10 

2 . 390E*06 

4.336*06 

3.206*05 

4 . 65E*06 

19 

2 . 3 10E*06 

4 .01 E*06 

2.966*05 

4.316*06 

20 

1 .030E*06 

4 . 30E*06 

5 . 52E*05 

4.856*06 

21 

1 . 1 I0E*06 

3.696*06 

7.716*05 

4 . 46E*06 

22 

5 . 500E*05 

1 .93E*06 

6 . 54E  *05 

2.586*06 

23 

1 .500E*05 

1 ,35E*06 

5 . S8E  *05 

1 -94E*06 

24 

1 .110E*05 

1 . 10E*06 

5 . 36E*05 

1 .646*06 

25 

5 . 250E*04 

9 . 43E*05 

5.07E*05 

1 -45E*06 

26 

2 . 4B0E*04 

9.01 E*05 

5 . 05E*05 

1.416*06 

27 

2 . 190E*04 

1 .09E*06 

4.996*05 

1 .58E*06 

20 

1 .030E  *04 

1 .05E*06 

5.146*05 

1.566*06 

29 

3 . 350E*03 

1 .036*06 

5 . 33E*05 

1.576*06 

30 

1 . 230E  *03 

1 .0 5E*06 

5 . 54E+05 

1 .60E*f 6 

31 

S.830E*02 

1 ,07E*06 

5 . 94E*05 

1.666-0 

32 

1 .010E*02 

1 . 10E  *06 

6 . 33E  *05 

1 .74E*Pb 

33 

2.900E*01 

1 .126*06 

6.61  E  *05 

1 .78E*06 

34 

1 .070E*01 

1.146*06 

6.846*05 

1 .82E*06 

35 

3.060E*00 

1 .166*06 

7 . 10E»05 

1 . 87E*0S 

36 

1 . 1 30E*00 

1 . 17E*06 

7.246*05 

1 .90E*06 

37 

4.140E-01 

6 . 60E  *06 

6.016*06 

1 .256*07 
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Table  II. 3. 28.  Gamma  Flux  Per  Unit  Lethargy  Per  Kilowatt 


ER1  With  6"  Pb  and  Phantom 


CROUP 

ENERSV  (EV) 

FRONT 

RACK 

TOTAL 

1 

1 .400E*07 

1 .26E*05 

2 . 2 1 E  *04 

1 .48E*05 

2 

1 -000E+07 

1 . 05E  *05 

1 . 55E*04 

1 .20E*05 

3 

8.0006*06 

3 . 06  E  *06 

4 . 52  E  *04 

3.11 E*06 

4 

7.000E*06 

8 . 1 3E*05 

9 . 0 1 E+04 

9 . 04E*05 

S 

6.000E*06 

1 ,60E*06 

2 . 39E*05 

1  .  83E*06 

6 

5 .000E+06 

1 . 32E*06 

9.47E+04 

1  .41E*06 

7 

4 . 000E  *06 

1 . 08E  *06 

7 . 64E  *04 

1 . 16E*06 

8 

3 . 000E  +06 

1 . 3 1  E*06 

3.78E+04 

1 . 3SE*06 

9 

2.500E*06 

1 . 82E  *08 

4 .02E*07 

2 . 2  2E  *08 

10 

2 . 000E  *06 

1 .76E*07 

2 . 03E  *06 

1 .96E*07 

1  1 

1 . 500E ♦06 

1 . 36E  *07 

2 . 60E  *06 

1 .62E*07 

12 

1 .000E+06 

1 . 18E*07 

3 . 52E*06 

1 ,53E*07 

13 

7.000E*05 

1 . 30E  *07 

6 . 49E  *06 

1 .85E*07 

14 

4 . 500E+05 

1 . 34E«07 

7.56E+06 

2. 10E*07 

15 

3 . 000E  *05 

1 ,62E*07 

1 .27E*07 

2 . 89E*07 

16 

1 .500E*05 

1 .64E*07 

1 . 27E  *07 

2.91 E*07 

17 

1 .000E*05 

1 .60E*07 

1 .31E*07 

2 . 9 1 E*07 

18 

7.000E*04 

1 . 25E*07 

1 . 07E  *07 

2.32E*07 

19 

4 . 5006*04 

4 . 30E  *06 

3 . BSE  *06 

8 . 1 6E*06 

20 

3.000E*04 

3 . 86E*05 

3 . 7 1  E *05 

7 . 57E*05 

21 

2 . 000E*04 

2 . 36E  *03 

2 . 48E  *03 

4 . 83E  *03 
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Figure  II. 3. 58.  Back  Gamma  Flux  vs  Energy  ER1  With  5"  Water. 
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Figure  II. 3. 59.  Total  (Front+Back,  1-D)  Neutron  Flux  vs  Energy  ER1  With  5"  Water. 


Figure  II. 3. 60.  Total  (Front+Back)  Gamma  Flux  vs  Energy  ER1  With  5"  Water. 


Table  II. 3. 29.  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt 


Free  Field  in  ER1  With  Core  Noved  Bach  5  Inches 


SXOUP  ENERCV  ( EV) 


faont  sack 


total 


t 

i 

4 

5 
( 
7 

• 

9 

10 

11 

12 

13 

14 

15 

16 
17 
10 

19 
00 
21 
22 

23 

24 

25 

26 
27 

20 

29 

30 

31 

32 

33 

34 

35 

36 

37 


1 .960E+07 
1 . 6  90E  *07 
1 . i$0E*#7 
1 .420E+07 
1 .3S0E+07 
1 . 280E+07 
1 .2201*07 
1 . 1 10E+07 
1 .000E+07 
9 .050E  *06 
0. 190E*06 

7 . 4 1 0E  *06 
6 . 380E+06 
4 . 970E *06 
4 . 720E+06 
4.070E+06 
3 .010E+06 
2 . 390E  *06 
2 . 3  1  0E  +06 
1 .830E+06 
1  .  1  I0E+06 
5.500E*0S 
1 .580E-05 
1  .  1  1 0E  -*05 
5 .  250E+04 
2 . 480E ♦04 
2 . 1 90E  *04 
1 .030E+04 
3 . 350E+03 
1 . 230E *03 
5.830E*02 
1 . 01 0E  *02 
2.900E+01 
1 .070E-01 
3.060E+00 
1 . 1 30E  *00 
4. 140E-01 


2 . 22E+03 

I .  09E  *04 

J. 5&E+04 
2 . 99E+04 
6 . 4  7E*04 
9.07E+04 
1 .68E+05 
3.30E+0S 
6.23E+05 
9 . 50E+05 
1.48E+06 
2 . 37E»06 
3.96E+06 
4 . 73E  *06 
4 . 97E  +  06 
4.76E*0& 
6.72E+06 
8 . 28E+06 
5 . 29E+06 
3.B9E+06 
2 . 44E*06 
1 . 13E*06 
7 . 90E  *05 
6.02E-05 
4 . 59E  *05 
4 . 98E  *05 
4.S0E*05 

4  .04E+05 
3 . 78E  *05 
3 . 62E  *05 
3 . 29E*05 
2 . 82E  *05 
2 . 28E*05 
1 • 6  IE  *05 
9 . 33E+04 
4 . 77E*04 
6 • 22E  *03 


0 . 006*00 

S.00 E*00 

. 00E *6e 


0 . 00E  *00 
0 . 00E  +00 
0 . 00E  *00 
0.00 E*00 
0.00E*00 
0 . 00E  *00 
0.00E+00 
0 . 00E  *00 
1 . 32E  *02 

8 . 4  7E  *02 
3 . 26E  *03 
9.42E*03 
2 . 1 4E*04 
6 . 50E  *04 
6 ■ 03E  *04 
6 . 89E  *04 
6 . 26E*04 
5 . 24E  *04 
3 . 5 1 £*04 
2 . 9BE  *04 
2 . 46E*04 
2 ■ 23E  *04 
2- 1 8E*04 
2  ■  2 1 E  *04 
2 . 26E*04 
2 . 32E*04 
2 . 39E+04 

2 . 4  4  E  *04 
2 . 46  E  *04 
2 . 4 1 E  *0  4 
2 . 2  8  E  *04 
2. 1 4  E  +04 
2.00E+04 
5 ■ 63E+03 


2 . 22E*03 
1 . 09E  *04 
2.S5E+04 


2.99E+04 
6 . 47E+04 
9 .07E*04 
1 .68E+0S 
3.30E+05 
6 . 23E  *05 
9.50E+05 
1 .48E+06 
2.37E+06 
3 . 97E*06 
4.74E+06 
4 . 98E  *06 
4 . 786*06 
6.7BE+06 
8 . 34  E  *06 
5.35E+06 
3 . 94  E  *06 
2 . 49E  *06 
1 . 16E*06 
8 . 20E*05 
6 . 2  7E*05 
4 . 8 1 E  *05 
5.20E+05 
4 . 72E*05 
4.27E+0S 
4.02E*05 
3. I6E+0S 
3 . 53E*05 
3.06E+0S 
2 . 52E*0S 
1 . 84E*05 
1 . 15E*05 

6 . 7  7E  *04 

1 . 09E  *04 
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Table  II. 3. 30.  Gamma  Flux  Per  Unit  Lethargy  Per  Kilowatt 


Free  Field  in  ER1  With  Core  Moved  Back  5  Inches 


CROUP 

ENERCV  (EV) 

FRONT 

BACK 

1 

1 . 400E  *07 

9 . 57E-»02 

4.08E+01 

2 

1 . 000E  *07 

8 .08E»06 

0.00E+00 

3 

8 .000E  *06 

3. 17E-07 

0 . 00E  *00 

4 

7.000E-06 

2 .00E  *07 

0 . 00E  *00 

s 

6 . 000E ♦06 

2 . 4  4  E*07 

0.00E«00 

6 

5 . 000E  *06 

4 . 69E+07 

0.00E»00 

7 

4 .000E-06 

7 . 6  3E*07 

0 . 00E  »00 

8 

3 -000E>08 

1 . 1 7E  *08 

0.00 E«00 

9 

2.500E-06 

3.91 E»08 

0 . 00E  +00 

10 

2 .000E*06 

2.06E«08 

0.00E»00 

1  1 

1 . S00E+06 

2 . 31'E»08 

0 . 00E  *00 

12 

1 .000E-06 

2 . 39E*0B 

1  .  38E*03 

13 

7 ,000E»05 

2 . 68E*08 

3.79E«05 

14 

4 ,500E*05 

2 . 1 8E»08 

8 . 7BE*04 

15 

3 . 000E  *05 

1 . 79E*08 

7 . 16E*06 

18 

1 . 500E  *05 

1 . 54E»08 

9.99E*06 

17 

1 .000E+05 

1 . 16E+08 

1 . 16E*07 

18 

7.000E*04 

B . 22E*07 

9.58E-06 

19 

4 . 500E+04 

8.49E«06 

3 . 70E  *06 

20 

3. 0005*04 

3 . 34E»05 

3 . 24E  *05 

21 

2.000E+04 

1 . 54E*03 

1  .B4E«03 

105 


TOTAL 


9.98E*02 
8 . 08E  *06 
3 . 1 7E*07 
2.00E«07 
2 . 4  4E«07 
4.69E»07 
7.63E*07 
1 . 17E*0B 
3.91 E*08 
2 . 06E  *08 
2 . 30E  *08 
2 . 39E*08 
2.68E+08 

2. 1 8  e ♦as 
1 . 86E*08 
1 . 64  E  *08 
1 .27E*08 
6. 18E*07 
1 .22E*07 
«.59£*05 
3.07E*03 


Table  II. 3. 32.  Back  Response  Per  Kilowatt  For  ANISN  (1-D)  Results. 


Table  II. 3. 33.  Total  Response  Per  Kilowatt  For  ANISN  (1-D)  Results. 
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4.  THREE-DIMENSIONAL  CALCULATIONS 


4.1.  Three-Dimensional  Models 

Three-dimensional  calculations  were  performed  for  eight  of  the  ten 
reactor/room  configurations  described  in  chapter  II. 1.  On  the  basis  of  these 
eight  calculations,  it  was  decided  that  no  new  information  would  be  gained  by 
doing  the  3-D  calculations  for  the  remaining  two  cases.  See  Tables  II. 1.1  and 
II. 1.2  for  descriptions  of  the  cases  and  location  of  the  detectors. 

In  the  case  of  the  MORSE  calculations,  the  modeling  of  the  physical 
configuration  includes  all  the  important  components  in  their  proper  location  and 
shape.  Therefore,  the  drawings  of  the  experimental  arragements  contained  in 
Volume  I  of  this  report  serve  equally  well  to  display  the  calculational 
configuration  for  the  MORSE  runs. 

Since  the  geometric  modeling  is  fairly  exact,  the  major  concerns  in 

MORSE  models  are  associated  more  with  the  source  description,  transport 

approximations,  and  variance  reduction  biasing  techniques.  The  source  for  these 

1?  13 

MORSE  calculations  was  the  output  from  an  ANISN  run.  Past  work  ’  has  shown 
that  the  coupling  of  discrete  ordinates  and  Monte  Carlo  codes  can  lead  to  very 
efficient  uses  of  the  advantages  of  each  technique.  In  this  case,  ANISN  was  run 
from  the  core  to  the  outside  surface  of  the  reactor  tank  and  shield.  At  this 
point  a  boundary  leakage  tape  was  written  which  is  then  used  as  a  source  for  the 
MORSE  runs.  This  approach  allows  use  of  the  flexible,  but  time  consuming,  3-D 
modeling  capability  of  MORSE  in  the  room  itself  (where  it  is  needed)  without 
having  to  recalculate  the  core  region  every  time.  Thus,  when  the  room 
configuration  changes,  only  the  part  of  the  calculation  which  has  been  changed 
has  to  be  rerun.  When  the  core  configuration  is  changed,  as  in  the  case  of 
moving  the  core  back  12  inches,  or  moving  the  core  to  ER2,  a  new  ANISN  leakage 
source  must  be  prepared.  By  noting  the  cases  which  were  considered,  one  can  see 
that  only  three  leakage  source  were  needed:  one  for  ER1  with  the  core  all  the  way 
In,  one  for  ER2  with  the  core  all  the  way  in,  and  one  for  ER1  with  the  core  moved 
back.  12  inches.  As  will  be  seen  later,  the  1-D  and  3-D  results  agree  for  ER1 
free  field  with  the  core  moved  all  the  way  in  and  with  it  moved  back  12  inches, 
so  it  was  not  necessary  to  do  a  3-D  calculation  of  the  free  field  in  ER1  with  the 
core  moved  back  5  inches.  If  it  had  been  necessary,  then  another  leakage  source 
would  have  been  generated. 
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With  the  leakage  spectrum  and  angular  distribution  at  the  surface  of 
the  reactor  tank  supplied  by  the  AN I SN  runs,  a  spatial  distribution  must  be 
applied  to  allow  the  selection  of  starting  positions  for  the  source  neutrons. 
This  was  derived  from  Information  supplied  by  AFRRI  personnel**.  Sulfur  buttons 
were  placed  on  the  face  of  the  reactor  tank  and  irradiated.  Use  of  the  ^2S(n,p) 
reaction  allows  the  calculation  of  the  fluence  of  neutrons  above  3  Mev  at  the 
position  of  each  sulfur  button.  The  buttons  were  placed  on  a  vertical  line  on 
the  part  of  the  tank  which  extends  the  farthest  into  the  room  (the  measurement 
was  performed  in  ER1  with  the  core  moved  all  the  way  in)  and  on  a  horizontal  line 
along  the  circunference  of  the  tank  at  the  core  midplane.  The  buttons  were 
placed  one  inch  apart  along  each  line.  Figure  II. 4.1  shows  the  sulfur  fluence  as 
a  function  of  axial  and  azimuthal  position  on  the  tank  face.  These  distributions 
were  used  to  select,  in  the  standard  Monte  Carlo  fashion,  the  starting  positions 
of  the  source  neutrons.  Due  to  lack  of  any  data  for  ER2  and  other  positions  of 
the  core  for  ER1,  this  same  spatial  distribution  was  used  for  all  the  MORSE 
calculations.  This  assumption  Is  not  expected  to  adversely  affect  the  results. 

Several  transport  approximations  were  made  which  considerably  enhanced 
the  running  time  of  the  MORSE  calculations  without  impairing  the  accuracy  of  the 
results.  All  of  these  approximations  are  the  result  of  the  presence  of  the  wood 
on  the  walls,  ceiling,  and  floor  of  the  exposure  rooms.  The  problem  which  the 
wood  presents  is  that  neutrons  tend  to  scatter  In  the  wood  without  being  absorbed 
or  contributing  to  the  detector  response.  Neutrons  will  enter  the  wood,  become 
thermalized,  and  then  bounce  around  for  a  long  time  before  stopping  by  absorption 
or  escaping  from  the  system.  This  problem  was  overcome  by  taking  advantage  of 
the  presence  of  the  gadolinium  paint  on  the  walls  and  ceiling.  This  paint  is 
fairly  thick  to  thermal  neutrons  (several  mean  free  paths).  If  a  neutron  becomes 
thermalized  In  the  wood  behind  the  paint.  It  has  very  little  chance  of 
penetrating  the  paint  and  re-entering  the  room.  Therefore,  once  a  neutron 
becomes  thermalized  in  the  walls  or  the  ceiling  it  is  killed  and  the  history  is 
terminated.  The  floor  does  not  have  any  gadolinium  paint  on  it  and  in  most  cases 
the  floor  Is  only  four  feet  from  the  detector  location,  so  neutrons  are  allowed 
t<r  scatter  in  the  floor  until  they  are  absorbed,  re-enter  the  room,  or  escape  the 
system. 

This  approximation  should  not  affect  the  neutron  spectra  significantly, 
but  It  will  have  an  effect  on  the  ganria-ray  spectra.  This  gamma-ray  effect  comes 
from  the  fact  that  some  of  the  gamma  rays  which  are  produced  in  the  wood  and 
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RELATIVE  S  FLUENCE  («  >  3  MeV) 
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Figure  II. 4.1.  Axial  and  Azimuthal  Dependence  of  Leakage 
on  the  Reactor  Tank  Surface. 
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gadolinium  paint  come  from  the  absorption  of  thermal  neutrons.  This  fact 
resulted  In  the  decision  not  to  calculate  the  gamna-ray  spectra  in  three 
dimensions.  Note  that  this  limitation  does  not  apply  to  the  one-dimensionl 
ganma-ray  results. 

Finally,  several  variance  reduction  techniques  were  applied  including 
Russian  roulette,  mild  path  length  stretching  to  the  center  of  the  room,  and 
splitting.  These  techniques  are  not  approximations  but  should  be  mentioned  for 
completeness.  They  serve  to  reduce  the  statistical  uncertainty  associated  with 
the  results.  As  can  be  seen  from  the  1-D  results  the  spectra  fall  off  rapidly  at 
high  energy.  This  rapid  falloff  Induces  a  scarcity  of  source  neutrons  in  the 
high  energy  region.  As  a  result,  the  statistical  uncertainty  of  this  part  of  the 
spectrum  can  be  become  Intolerable.  Source  energy  biasing  was  tried  to  the  point 
of  overbiasing,  but  the  problem  persisted.  The  resolution  became  apparent  when 
the  good  agreement  between  the  1-D  and  3-D  results  was  observed.  This  agreement, 
plus  the  fact  that  high  energy  neutrons  are  less  affected  by  complex  geometries 
than  the  low  energy  neutrons  due  to  a  smaller  scattering  cross  section,  resulted 
In  the  Idea  of  slicing  the  1-D  and  3-D  results  together.  Thus,  1-D  results  will 
be  shown  for  energies  greater  than  4  Mev  and  3-D  results  will  be  shown  for 
energies  less  than  4  Mev.  The  smoothness  of  the  curves  (independently 
normalized)  In  the  4  Mev  region  further  strengthens  the  validity  of  this 
approach.  For  completeness,  tabulated  spectra  and  responses  will  be  reported  for 
the  unspliced  3-D  spectra  and  then  plots  of  the  spliced  spectra  follow. 

4.2.  Three-Dimension  Results 

The  results  of  the  unspliced  MORSE  calculations  are  shown  In  Tables 
II. 4.1  through  II. 4. 8.  These  tables  show  tabulated  front,  back,  and  total 
spectra.  Tables  II. 4. 9  through  II. 4. 11  show  front,  back,  and  total  components  of 
the  same  nine  Integral  responses  calculated  for  the  1-D  runs.  These  quantities 
are  useful  measures  of  comparing  the  1-D  and  3-D  results.  The  other  major  mode 
of  comparison  Is,  of  course,  the  spectral  shapes.  Due  to  the  dirth  of  high 
energy  neutrons  mentioned  earlier,  the  spliced  1-D/3-D  spectra  represent  the  best 
3-0  spectra  and  should  be  used  to  compare  1-D  and  3-D  results.  These  spectra  are 
presented  in  Figures  II. 4. 2  through  II.4.25  and  Tables  II. 4. 12  through  II. 4. 19. 


Table  II. 4.1.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per 


ER1  FREE  FIELD 


CROUP 

ENERGY  (EV) 

FRONT 

BACK 

1 

1 .960E+07 

0.00F+00 

0. 00E+00 

0.6* 

0.00 

2 

1 .  690E+O7 

0.09E+00 

0.00E+00 

0  00 

0.00 

3 

1 . 490E+07 

?  ^0E*00 

0.00E+00 

0.00 

0.00 

4 

1 . 420E+07 

0. 00E+00 

0 . 00E+00 

0.00 

0.00 

3 

1 . 380E+07 

0 . 00E+00 

0. 00E+00 

0.00 

0.00 

6 

1 . 280E+07 

0 . 00E+00 

0. 00E+00 

0.00 

0.00 

7 

1 . 220E+07 

2. 10E+04 

0.00E+00 

1.00 

0.00 

a 

1. 110E+07 

2.B9E+04 

0 . 00E+00 

0.93 

0.00 

9 

1 . 000E+07 

S.65E+06 

0 . 00E+00 

0.39 

0.00 

16 

9.0S0E+06 

3 . 0 IE+06 

0.00E+00 

0.64 

0.00 

i  i 

8. 190E+06 

1 .30E+07 

0. 00E+00 

0.33 

0.00 

12 

7.410E+06 

1.37E+07 

0 . 00E+00 

0.2B 

0.00 

13 

6 . 380E+06 

1.99E+07 

0.00E+00 

0.  16 

0.00 

14 

4.970E+06 

5. I5E+07 

0.00E+00 

0.24 

0.00 

IS 

4.720E+06 

3.56E+0? 

1 .49E+04 

0.20 

1 .00 

16 

4.070E+06 

4.7BE+07 

6.52E+04 

0.1! 

0.69 

17 

3 . 0 10E+06 

3.37E+07 

3.39E+05 

0.  10 

0.29 

18 

2 . S90E+06 

t . 80E+07 

4.43E+05 

0.29 

0.30 

19 

2.310E+06 

B . 36E+07 

4.97E+03 

0.  10 

0.34 

Ki  lowatt. 


TOTAL 


0 . 00E+»e 
0.00 

0 . 00E+00 
0.00 

0. 00E+00 

0.00 

0.00E+00 

0.00 

0.00E+00 

0.00 

0.00E+00 

0.00 

2.  10E+04 
1.00 

2 .  B9E+04 
0.93 

3 . 65E+06 
0.39 

3.01E+06 

0.64 

1.30E+07 

0.33 

1 . 37E*07 
0.28 

1 . 99E*07 
0.  16 

3.  13E+07 
0.24 

3 . 56E*07 
0.20 

4.79E+07 

0.11 

3 . 4 1E*07 
0.  10 

3 . 84E+07 
0.29 

3 . 4 1E*07 

0.  10 
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Table  II. 4.1.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued). 


EHl  mu  FIELD 


CROUP 

ENERGY  <EV) 

FRO  FIT 

BACK 

TOTAL 

20 

1 .830E+06 

S.47E+07 

2 . 68E+05 

3 . 49E+07 

0.07 

0.  12 

0.07 

21 

1. 1 10E+06 

2.45E+0? 

3 . 64E+05 

2 . 49E*07 

0.07 

0.11 

0.07 

22 

8 . 800E+05 

1. 12E+07 

2. 89E+03 

1. 15E+07 

0.06 

0.  10 

0.06 

23 

J . BB0E+05 

8. 97E+06 

2. I IE+05 

9. 1BE+06 

0.  13 

0.  13 

0.  13 

24 

1. 110E+05 

8 . 68E+06 

2. 18E+05 

5 . 90E+06 

0.11 

0.  17 

0.  10 

23 

8 . 230E+04 

4. 40E+86 

.  .» 05 

4.53E+06 

0.  13 

0.  15 

0.  12 

26 

2 . 488E+04 

8 . 37E+06 

1.03E+05 

5 . 68E+06 

0.28 

0.49 

0 . 28 

27 

2.  198E+04 

8 . 01E+06 

1 . 62E+05 

5.  17E+06 

0.  13 

0.  17 

0.  13 

28 

1 . 030E+04 

4. B3E*06 

1.8BE+03 

4 . 70E+06 

0.  1  1 

0.  12 

0.  11 

29 

3 .  350E+03 

8 ■ B2E+06 

1 . 89E+05 

4 . 0 1E+06 

0.  13 

0.25 

0.  15 

80 

1.230E+03 

3.93E+06 

1 . 77E*05 

4. 1 IE+06 

0.  13 

0.20 

0.  14 

81 

6 . B30E+02 

4. 16E+06 

1 . 67E+05 

4 . 33E*06 

0.  10 

0.  10 

0.09 

22 

1 . 0 10E+02 

3.  18E+06 

I . B0E+05 

3 . 36E+06 

0.  13 

0.  12 

0.  14 

83 

2.900E-01 

2. B7E+06 

1.99E+05 

3.06E+06 

0.  18 

0.  16 

0.  17 

84 

1.070E+01 

1 .39E-V06 

I.72E+03 

1 .86E+06 

0.23 

0.  12 

0.20 

85 

3.060E+00 

1. 1 1E*06 

1.3BE+05 

1 .23E+06 

0.36 

0  13 

0.32 

84 

1 . 130E+00 

7.36E+05 

I.87E+05 

0.93E+05 

0.43 

0.  16 

0.37 

87 

4. I40E-0 l 

8. 78E*04 

0 . B3E+04 

1 . 06E+05 

0.48 

0.33 

0.28 
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Table  II. 4. 2.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ERl  WITH  6*  PB 


cnoup 

EI1ERCY  (EV) 

FBOirr 

BACK 

TOTAL 

i 

1 . 960E+07 

0.00E+00 

0.00E+00 

0 . 00E+00 

0.00 

0.00 

0.00 

2 

1 . 690E+07 

0 . 00E+00 

0 . 00E+00 

0 . 00E+00 

0.00 

0.00 

0.00 

3 

1 . 490E+0? 

0 . 00E+00 

0. 00E+00 

0.00E+90 

0.00 

0.00 

0.00 

4 

1 . 420E+07 

0. 00E+00 

0 . 00E+00 

0.00E+00 

0.00 

0.00 

0.00 

S 

1 . 380E+07 

0 . 00E+00 

0.00E+00 

0.00E+00 

0.00 

0.00 

0.00 

6 

1 . 280E+07 

9 . 64E+0 1 

0 . 00E+00 

9.64E+01 

1.00 

0.00 

1.00 

7 

1 . 220E+07 

3.02E+05 

0. 00E+00 

3 . 02E+05 

0.61 

0.00 

0.61 

B 

1 . 1 10E+07 

1 . 1 1E+05 

0. 00E+00 

1 . 1 1E*05 

0.87 

0.00 

0.B7 

4 

1 . 000E+07 

3.61E+05 

0. 00E+00 

3.61E+05 

0.65 

0.00 

0.65 

13 

9.030E+06 

1.95E+06 

0.00E+00 

1 .95E+06 

0.63 

0.00 

0.63 

11 

B. 190E+06 

9.39E+05 

0.00E+00 

9.39E+05 

0.64 

0.00 

0.64 

12 

7.410E+06 

4.29E+06 

0. 00E+00 

4.29E+06 

0.44 

0.00 

0.44 

13 

6.380E+06 

3.35E+06 

0.00E+00 

3. 35E+06 

0.27 

0.00 

0.27 

14 

4 . 970E+06 

4. 33E+06 

0 . 00E+00 

4.33E+06 

0.47  . 

0.00 

0.47 

IS 

4.720E+06 

7.7IE+06 

4.64E+03 

7.72E+06 

0.36 

1.00 

0.36 

16 

4 . 070E+06 

6.54E+06 

7 . 63E+03 

6.35E+06 

0.  12 

0.77 

0.  12 

17 

3.01 0E+06 

1 . 16E+07 

7.57E+04 

1  . 17E+07 

0.  13 

0.22 

0.  13 

IS 

2.390E+06 

2.21E+07 

3 . 2 1E+04 

2. 2 1E+07 

0.36 

0.75 

0 . 36 

19 

2 . 3 10E+06 

1 .70E+07 

0 . 23E+04 

1 .70E+07 

0.09 

0.23 

0.09 
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Table  II. 4. 2.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued). 


DU  WITH  6*  TB 


CHOU? 

BTCRCY  <EV) 

rsoirr 

BACK 

TOTAL 

22 

1 . 8S0E+06 

2.33E+87 

1 .28E+85 

2. S4E+27 

2.48 

2.  12 

2.28 

21 

1. 110E+06 

2 . 22E+07 

2. IBE+05 

2.24E+87 

2.28 

0.09 

2.08 

22 

B . 580E+25 

9 . B1E+06 

1.72E+03 

9 . 98E+26 

2.29 

2.  12 

2.29 

S3 

1 . 880E+85 

6 . S3E+86 

I. IBE+05 

6 . 65E+26 

2.20 

2.  15 

2.  19 

24 

1 .  1 12E+43 

4.B2E+86 

2.21E+85 

5 . 24E+26 

2.26 

2.50 

2.25 

SB 

8 . 250E+04 

2. 96E+86 

1 . 87E+85 

3 . 87E+26 

2.27 

2.  13 

2.26 

26 

2.482E+04 

1 . B4E+06 

I . I5E+05 

1 . 65E+06 

2.38 

0.21 

2.36 

27 

2.  192E+24 

1 . 6 1E+06 

6 . 93E+04 

1 . 48E+26 

2.23 

2.  12 

2.22 

28 

1 . 832E+24 

2. 13E+06 

1 . 12E+05 

2.24E+26 

2.22 

2.  16 

2.20 

24 

3.358E+83 

4 . 68E+85 

4.49E+84 

1 . 26E+26 

2.25 

2.  12 

2.23 

84 

I . 238E+2S 

1 . 52E+06 

I . 06E+03 

1 . 63E+06 

2.32 

220 

2.30 

21 

6 . 838E+82 

1 . 10E+06 

9.59E+04 

1 . 20E*06 

2.28 

2.  10 

2.26 

22 

1.812E+02 

1.B1E+06 

B. 5 1E+04 

1 . 62E+26 

2.30 

2.  12 

2.28 

23 

2.900E+01 

B.92E+0S 

8. 96E+04 

9.B2E-25 

2.25 

2.  12 

2.22 

24 

1 . 278E+8 1 

7.71E+85 

B.49E+84 

B-  B6E+25 

2.38 

2.29 

2.34 

28 

3 . 860E+88 

8 . 55E+85 

7.99E+84 

6-35E+25 

2.71 

0.  14 

2.62 

26 

1 . 138E+20 

2.89E+05 

7.7BE+04 

S.67E+85 

2.46 

2.  12 

2.36 

27 

4. I42E-21 

8.89E+84 

2.  15E+24 

B.25E+04 

2.85 

2.  19 

2.22 
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Table  II. 4. 3.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ERI  WITH  6"  PB  AHD  CAVE 


HOOP 

EHERCY  <EV) 

FROST 

BACK 

TOTAL 

I 

1 .960E+07 

0.00E+00 

0.00 

0. 00E+00 
0.00 

0 . 00E+00 
0.00 

2 

1.690E+07 

0.00E+00 

0.00 

0.00E+00 

0.00 

0 . 00E+00 
0.00 

3 

1 . 490E+07 

0.00E+00 

0.00 

0 . 00E+00 
0.00 

0.00E+00 

0.00 

4 

1 . 420E+07 

0. 00E+00 
0.00 

0.00E+00 

0.00 

0.00E+00 

0.00 

5 

1.380E+07 

0. 00E+00 
0.00 

0 . 00E+00 
0.00 

0. 00E+00 
0.00 

6 

1 .280E+07 

0 . 00E+00 
0.00 

0 . 00E+00 
0.00 

0.90E+00 

0.00 

7 

1 .220E+97 

1 .79E+05 

0 . 95 

0 . 00E+00 
0.00 

1 ,79E»03 
0.95 

6 

1. 110E+07 

2.09E+05 

0.67 

0. 00E+00 
0.00 

2.09E+05 

0.67 

9 

1 . 000E+07 

2.85E+03 

0. 82 

0. 00E+00 
0.00 

2. B5E*03 
0.82 

10 

9 . 030E+06 

1 . B5E+06 
0.66 

0.00E+00 

0.00 

1 . B5E+06 
0.66 

1 1 

8. 190E+06 

1 . 33E+06 

0.74 

0. 00E+00 
0.00 

1 . 33E+06 
0.74 

12 

7.410E+06 

5.74E+06 

0.73 

2. 54E+05 
1.00 

6 . 00E+06 
0.70 

13 

6 . 380E+06 

3 . 03E+06 
0.26 

2 . 44E+02 
1.00 

3 . 03E*06 
0.26 

14 

4.970E+06 

5 . 27E+06 
0.36 

3.B3E+03 

0.66 

5 . 28E+06 
0.56 

IS 

4. 720E+06 

2 . 49E+06 
0.46 

2.  12E+04 
0.56 

2.51E+06 

0.45 

16 

4.070E+06 

7.2BE+06 

0.20 

3.48E+05 

0.41 

7 . 83E+06 
0.  19 

17 

3.013E+06 

1. 1BE+07 

0.  16 

1 .66E+06 

0.48 

1 .35E+07 
0.  16 

IB 

2 . 390E+06 

1 . 02E+07 
0.39 

2.86E+06 

0.93 

1.30E+07 

0.36 

19 

2. S10E+06 

1.95E+07 

0.  13 

1 . 38E+07 
0.75 

3 . 33E*07 
0.34 

Table  II. 4. 3.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued). 


ERl  WITH  6 ■  FB  ABD  CAVE 


CROUP 

EJTEBCy  ( £TV> 

FRorr 

BACK 

*« 

1.B30E+06 

2.44E+B7 

0.11 

2.6BE+06 

0.49 

21 

1 . 1 10E+06 

2.B4E*07 

0.11 

6 . 82E-06 

0.34 

22 

S . B00E--05 

1 . 8SE+07 
0.14 

340E+06 

0.26 

23 

1 . 580E+05 

9. 45E+06 
0.22 

2 . 6 IE-86 
0.52 

24 

1 .  1 10E+05 

3 • 83E-06 

0.24 

1 . 3BE-06 
0.56 

23 

8 . 230E+04 

I . 1 0E*06 
0.21 

8 . 82E+05 

0  74 

26 

2.4B0E+04 

8 . 44E*06 

0.77 

8. 18E*05 
0.B2 

27 

2. 1 90E+04 

1 . 92E*06 
0.36 

B65E-05 

0.55 

28 

1 . 030E-+-04 

1. 19E+06 
0.21 

3 ■ 98E- 05 

0.45 

*9 

3. 380E+03 

2.  1BE+06 
0.62 

222E+06 

0.72 

•0 

1 .230E+03 

1 .23E-06 

0.42 

2. 50E+05 
0.78 

81 

8 . B30E+02 

l . 14E+06 
0.28 

3.77E+06 

0.79 

82 

I.010E-02 

1 . 87E+06 

0 . 38 

848E+06 

0.97 

83 

2.900E+01 

1.81E+86 

0.39 

8.  19E+05 
0.95 

84 

1 . 070E+0 1 

J.41E+06 

0.35 

2 . 75E+05 
0.89 

83 

3 . 060E+00 

6.01 E*03 
0.60 

3 .77E+85 
0.68 

86 

1. 1S0E+00 

1 .  I5E+06 
0.60 

1 .7IE+06 
0.95 

87 

4. 140E-01 

S23E-04 

0.81 

7.40E*03 

0.61 

TOTAL 


2.7IE*0? 
0.  II 

3.32E*07 
0.  I  I 

2. 19E»07 
0.  IS 

1 .2lE*07 
0.21 

5.21E+06 

0.23 

1  ,6BE«06 
0.  29 

6.26E»06 

0.6B 

2.78E*06 

0.27 

I  .59E*06 
0.19 

4.40E*06 
0  4B 

1 .  ABE- 06 
0.37 

4.9lE*06 

0.41 

1 .03E-07 
0  BO 

2.  15E*06 
0.3b 

1 .69E+06 
0.33 

9.7BE-05 

0.45 

2.86E+06 

0.62 

6041-04 

0.71 
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Table  II. 4. 4.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ER1  WITH  2 -  PB  AND  EXERCISE  WHEEL 


CROUP 

ENERGY  (EV) 

FRONT 

BACK 

TOTAL 

1 

1 .900E+07 

0.00E+00 

0. 00E+00 

0. 00E+00 

0.00 

0.00 

0.00 

2 

1 . 690E+07 

0 • 00E+00 

0 . 00E+00 

0.00E+00 

0.00 

0.00 

0  00 

3 

1 . 490E+07 

0 • 00E+00 

0 . 00E+00 

0 . 00E*00 

0.00 

0.00 

0.00 

4 

1 .420E+07 

0 . 00E+00 

0 . 00E+00 

0. 00E*00 

0.00 

0.00 

0.00 

S 

1 .380E+07 

2.99E+04 

0. 00E+00 

2.99E+04 

0.65 

0.00 

0.65 

6 

1 . 280E+07 

0 • 00E+00 

0 . 00E+00 

0. 00E*00 

0.00 

0.00 

0.00 

7 

1 . 220E+07 

2.23E+05 

0. 00E+00 

2 . 23E*05 

1 .00 

0.00 

1  00 

B 

1 .  1  10E+07 

6.27E+05 

0 . 00E+00 

6 . 27E+05 

0.64 

0.00 

0.64 

4 

1 .000E+07 

1 .07E+06 

0 . 00E+00 

1 .07E+06 

0.62 

0.00 

0.62 

10 

9.030E+06 

B.60E+06 

0.00E+00 

B. 60E+06 

0.49 

0.00 

0.49 

1 1 

B. I90E+06 

2. 89E+06 

2 . 00E+05 

3 . 09E+06 

0.36 

0.96 

0.34 

12 

7 . 4 10E+06 

1  . 10E+07 

6.37E+05 

1.  1 6E-*07 

0.25 

1 .00 

0.25 

13 

6.3B0E+06 

1. 18E+07 

l  .02E+06 

1.29E*07 

0.20 

0. 98 

0.20 

14 

4 . 970E+06 

2.73E+07 

0 . 00E+00 

2.73E-07 

0  55 

0.00 

0.55 

IS 

4.720E+06 

3.57E+07 

1  .  1 5E+05 

3 . 58F.*07 

0.25 

1 . 00 

0.25 

16 

4.070E+06 

2.62E+07 

1 . 35E+06 

2. 75E*07 

0.  15 

0.60 

0.  14 

17 

3 . 0 10E+06 

3.27E+07 

7 . 54E+05 

3.34E+07 

0.  12 

0.60 

0.11 

18 

2 . 390E+06 

4.53E+07 

2.24E+06 

4. 75E*07 

0.31 

0 . 66 

0.30 

14 

2 . 3 I0E+06 

S.41E+07 

2.03E+04 

3.41  E*07 

0.  12 

1 .00 

0.  12 
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Table  II. 4. 4.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued). 


Dll  WITH  2*  PB  AHD  EXERCISE  WHEEL 


CROUP 

ENERGY  (EV) 

front 

BACK 

TOTAL 

a* 

1 . 830E+06 

8.05E+07 

3 . 44E+06 

3.89E+07 

•  -SB 

0.23 

0.08 

SI 

1 . 1 1IE+M 

2. 62E+07 

8.99E+06 

3.01E+07 

S.  IB 

0.36 

0.10 

S2 

8.800E+03 

1.S2E+07 

3.07E+06 

1 . 62E+B7 

B.  12 

0.26 

0.11 

S3 

1.580E+03 

7. 82E+06 

8. 0BE+06 

1.09E+07 

B.  25 

0.4B 

0.23 

S4 

1 . 1 10E+05 

8 . 0BE+06 

2. 02E+06 

7. 10E+06 

B.  IB 

0.33 

0.  16 

S3 

8.280E+04 

8 . 0 IE+B6 

0.  17E+05 

B.93E+06 

0.34 

0.35 

0.30 

S6 

2.480E+04 

S.66E+06 

1 . 16E+06 

4.B2E+06 

0.35 

1.00 

0.86 

S? 

2.  140E+04 

2.83E+06 

1 . 14E+06 

3.67E*06 

0.  14 

0.30 

0.  16 

SB 

1.030E+04 

8. 70E+-B6 

J . 6 IE+06 

8. 3  IE'*- 06 

0.27 

0.42 

0.23 

S4 

3.3S0E+03 

2.31E+06 

1 .  19E+06 

3.58E*-06 

0.32 

0.36 

0.24 

*0 

1 . 230E+03 

3 . 4BE+06 

2. 4 1E+06 

8 . B9E+06 

0.27 

0.48 

0.25 

•  1 

5 -830E+02 

2 . B4E+06 

1 . 43E+06 

4.26E+06 

0.  18 

0.38 

0.  16 

S2 

1.01BE+B2 

2. 3 1E+06 

1 . 18E+06 

3.49E+06 

0.20 

0.31 

0.  17 

S3 

2.900E+01 

8 . 23E*06 

0.07E+08 

4. 13E+06 

0.30 

0.30 

0.24 

S4 

1.070E+01 

2 . S9E+06 

1. 15E+06 

3.S4E+06 

0.14 

0.39 

0.  18 

S3 

8.060E+00 

2. 00E+06 

B. 26E+03 

2.83E+06 

0.41 

0.29 

0.30 

S« 

1.1ME«M 

S. 43E+06 

0. 49E+0S 

3 . 43E+06 

0.87 

0.87 

0.42 

S7 

4.I4SE-S1 

S. 49E+06 

2.7 1E*06 

8.20E+06 

0.81 

0.34 

0.23 
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Table  II. 4. 5.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


£R2  FREE  FIELD 


choof 

ENERGY  <EV) 

FRO  ITT 

i 

1 . 960E+07 

0.00E+00 

0.00 

2 

1 . 690E+07 

0 . 00E+00 
0.00 

3 

1 .490E+07 

0.00E+00 

0.00 

4 

1 .420E+07 

0.00E+00 

0.00 

5 

1 . 380E+07 

0 . 00E+00 
0.00 

6 

1 . 280E+07 

0.00E+00 

0.00 

7 

1 . 220E+07 

1 .23E+06 

0.86 

8 

1. 110E+07 

2.29E+04 

1.00 

9 

1 . 000E+07 

8.  14E+06 
0.70 

10 

9 . 050E+06 

8- 42E+06 
0.55 

11 

8. 190E+06 

1 . 5BE+07 
0.56 

1 .0BE+07 
0.32 

12 

7.410E+06 

13 

6 . 380E+06 

2.04E+07 

0.20 

14 

4.970E+06 

8.42E+07 

0.33 

18 

4.720E+06 

3.  I5E+07 
0.26 

16 

4.070E+06 

4. I6E+07 
0.  12 

17 

3.010E+06 

4.69E+07 
0. 15 

18 

2 . 390E+06 

4.99E+07 

0.42 

19 

2.S10E+06 

4.64E+07 
0.  12 

BACK 


e . 06E+00 
0.00 

e.eeE+ee 

0.00 

e.eeE+ee 

0.00 

• . eeE+00 
0.00 

0. eeE+00 
e.ee 

e.eeE+ee 

0.00 

e.eeE+ee 

0.00 

5. 19E+03 
i.ee 

0.00E+00 

0.00 

0.00E+00 

0.00 

0. 00E+00 

0.00 

0.00E+00 

0.00 

0 . 00E+00 
0.00 

0 . 00E+00 
0.00 

0 . 00E+00 
0.00 

7.79E+04 
0 . 86 

4.76E+05 

0.20 

2.72E+05 

0.61 

8. 5BE+05 
0.23 


TOTAL 


0 . 00E+40 
0.00 
0.00E+00 
0.00 

0.00E+00 

0.00 

0.00E+00 
0.00 
0 . 00E+00 
0.00 
0.00E+00 
0.00 
1 .23E+06 
0.86 

2.81E+04 
0.84 
8.  14E+06 
0.70 
B.42E+06 
0.55 
1 . 58E+07 
0.56 
1.08E+07 
0.32 
2.04E+07 
0.20 
3.42E+07 
0.33 

3. 15E+07 
0.26 

4. 17E+07 
0.  12 
4.73E+07 
0.  15 

5 . 02E+07 

0.42 

4.67E+07 
0.  12 
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Table  II. 4. 5.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued). 


ER2  FREE  FIELD 


CROUP 

IRERCY  ( EV) 

FRorr 

BACK 

TOTAL 

M 

1.834E+46 

4. 19E+47 

4. 84E+45 

4.24E+47 

4.  14 

4.  16 

4.49 

tl 

1. 114E+46 

2. 82E*47 

7 . 26E*45 

2-39E+47 

4.  SB 

4.  12 

4.48 

MS 

B.844E«-45 

9.71E+46 

3 . 65E+45 

1 .41E+47 

4.47 

4.49 

4.47 

S3 

1.SB4E+45 

7. 15E+46 

8.65E+45 

7.52E+46 

4.19 

4.  19 

4.  IB 

34 

I . 1 14E+45 

7 . BlE+46 

8 . B2E+45 

B. 19E+46 

4.  12 

4.29 

4.  12 

as 

8 . 254E+44 

3.77E+46 

2.61E+45 

4 . 43E+-46 

4.  16 

4.  16 

4.  IS 

S6 

2 . 484E+44 

7. 23E+46 

1 . 97E+45 

7 . 43E+46 

4.29 

4.31 

4.28 

17 

2. 194E*44 

8 . 24E+46 

2. 3 1E«45 

6 . 44E+46 

4.  14 

4.24 

4.  14 

SB 

I . 434E+44 

3 . B4E+46 

3.94E+45 

4. 19E+46 

4.  14 

4.  19 

4.  13 

*9 

3 . 354E+43 

3. 49E+46 

2.98E+45 

3 . 79E*46 

4.  16 

4.  14 

4.  15 

34 

1 . 234E-43 

3. 27E+46 

7 . 42E+45 

4.41 E*46 

4.22 

4.67 

4.22 

SI 

8.B34E+42 

4. 13E+46 

2.21E+45 

4 . 35E+46 

4.  14 

4.  14 

4.  14 

S2 

1 . 414E+42 

3. 44E+46 

2. 47E+45 

S .  69E*46 

4.  12 

4.11 

4.11 

S3 

2. 944E+41 

8 . 64E+46 

2. 76E+45 

3 . 92E*46 

4.  17 

4.  17 

4.  16 

34 

1 . 474E+4  1 

4.22E+46 

3 . 64E+45 

4.59E+46 

4.  13 

4.  16 

4.  12 

S8 

3.464E+44 

4.29E+46 

8. 34E+45 

4.62E+46 

4.  15 

4.  15 

4.  14 

34 

1. IS3E4S3 

4.26E+46 

1. 83E+45 

4.  B4E+46 

4.  12 

4.  12 

4.  11 

37 

4. I43E-S1 

4. 14E+46 

S.41E*43 

4 . 34E+46 

4.47 

4.  13 

4.47 
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Table  II. 4. 6.  3-0  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


CRi  FREE  FIELD  WITH  12*  WATER 


CltOOP 

EHERGY  <EV) 

FRorr 

BACK 

1 

1 . 960E+07 

0 . 00E+00 

0 . 00E+00 

0.00 

0.00 

2 

1 .690E*07 

0 . 00E+00 

0 . 00E+00 

0.00 

0.00 

3 

1 .490E+07 

7. 53E+03 

0 . 00E+00 

1.00 

0.00 

4 

1 . 420E+07 

0. 00E+00 

0 . 00E+00 

0.00 

0.00 

8 

1 . 380E+07 

2. 18E+02 

0. 00E+00 

1.00 

0.00 

6 

1 . 280E+07 

0 . 00E+00 

0.00E+06 

0.00 

0.00 

7 

1 . 220E+07 

1 .S8E+03 

0 . 00E+00 

0.64 

0.00 

8 

1. 1 10E+07 

8. 5 1E+04 

0.00E+00 

0.51 

0.00 

9 

1 . 000E+07 

2.40E+05 

0 . 00E+00 

0.42 

0.00 

10 

9 . 050E+06 

1 .78E+05 

0. 00E+00 

0.40 

0.00 

1  1 

8.  190E+06 

1 .92E+05 

0.00E+00 

0.34 

0.00 

12 

7.410E+06 

3 . 98E+05 

0. 00E+00 

0.  19 

0.00 

13 

6 . 380E+06 

4.46E+05 

0.00E+00 

0.  13 

0.00 

14 

4.970E+06 

1.69E+05 

0.00E+00 

0.36 

0.00 

IS 

4. 720E+06 

3. 16E+05 

4 . 04E+02 

0.  18. 

0.79 

16 

4.070E+06 

2. 1 IE+05 

2.07E+03 

0.11 

0.57 

17 

3.0I0E+06 

3.09E+-05 

2 . 23E+03 

0.10 

0.  14 

18 

2.390E+06 

4. 80E+05 

2.34E+03 

0.25 

0.30 

19 

2. 310E+06 

2. 19E+05 

1 .62E+03 

0.11 

0.  14 

TOTAL 


0.00E+00 

0.00 

0.00E+00 

0.00 

7.53E+03 

1.00 

0. 00E+00 
0.00 

2. 1BE+02 
1.00 

0 . 00E+00 
0.00 
1  .  SBE-t-03 
0.64 

8.51 E+04 
0.51 

2 . 40E+05 
0.42 
1 . 7BE+05 
0.40 
1 . 92E*05 
0.34 
3 . 98E+05 
0.  19 

4 . 46E+05 
0.13 
1 .69E+05 
0.36 

3. 16E+05 
0.  18 
2. 14E+05 
0.11 

3. 12E+05 
0.  10 
4 . 82E+05 
0.24 
2. 20E+05 
0.11 


Table  II. 4. 6.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued). 


m  nux  FIELD  WITH  12*  WATER 


CROUP 

ERERCY  (EV) 

moirr 

HACE 

TOTAL 

M 

1 .839E+26 

1 . 1BE+25 

1 . B9E+93 

1 . 19E+23 

2.27 

2.29 

2.27 

21 

1 . 1 12E+26 

6 . 83E+94 

1.49E+23 

6 . 48E+24 

2.2B 

2.28 

2.28 

22 

6.529E+98 

2. S2E+94 

9 .69E+22 

2.61E+24 

2.27 

2.28 

2.97 

S3 

1 . 882E+2S 

2. 82E+24 

7.86E+22 

2.SBE+24 

2.24 

2.  16 

2.23 

24 

1 . 1 12E+23 

1.43E+24 

8.6SE+92 

1 . 81E+94 

2.  13 

2.  13 

2.  12 

as 

8.232E+94 

9 . 62E+23 

8.79E+22 

1 . 22E+24 

2.  IS 

2.  IB 

2.  14 

26 

2.482E+24 

2.27E+24 

1 . 23E+93 

2.39E+24 

2.29 

2.32 

2.28 

27 

2.  199E+24 

1 . 28E+64 

8.  16E+22 

1. UE+24 

2.  18 

2.  14 

2.  14 

28 

1 . 939E+94 

8. 19E+23 

6 . 23E+22 

B.B1E+23 

2.  16 

2.  17 

2.  18 

29 

3 . 332E+23 

9 . 84E+23 

8 . 64E+22 

1 . 24E+24 

2.  14 

2.  IS 

2.  13 

22 

1 . 232E+23 

7. 22E+93 

6.27E+22 

7.63E+23 

2.22 

2.  IS 

2.22 

21 

5 . B32E+22 

8 . 83E+93 

4.24E*22 

6 . 27E+93 

2.  13 

2.  IS 

2.  12 

22 

1 . 216E+62 

6.71E423 

9.27E+22 

7 . 63E+23 

2.  18 

2.28 

2.  16 

23 

2.992E+21 

S.89E+93 

8. 29E+22 

8 . 92E*-23 

2.25 

2.  IS 

2.23 

24 

1 . 272E+9 1 

8.42E+63 

8. 17E+82 

8.93E+23 

2.36 

2.  16 

2.33 

28 

3.269E+92 

3.26E+23 

4. 33E+92 

S.S0E+23 

2.42 

2.  14 

2.3S 

26 

1.  1S6E+64 

1 . 46E+23 

4.7BE+22 

1 . 94E+23 

2. 68 

2.  IS 

2.82 

27 

4. 142E-21 

8.99E+2I 

1 . 24E+22 

1 . 64E+82 

2.29 

2.26 

2.21 
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Table  II. 4. 7.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt 


ERl  WITH  2'  PB 


cnoup 

ENERGY  <  EV) 

FRONT 

BACK 

TOTAL 

i 

1 . 960E+07 

0.00E+00 

0.00E+00 

0 . 00E*60 

0.00 

0.00 

0.00 

2 

1 . 690E+07 

0 . 00E+00 

0 . 00E+00 

0.00E+00 

0.00 

0.00 

0.00 

3 

1 . 490E+07 

0 . 00E+00 

0.00E+00 

0. 00E+00 

0.00 

0.00 

9.00 

4 

1 . 420E+07 

0 . 00E+00 

»  00E+00 

0 . 00E+00 

0.00 

0.00 

0.00 

8 

1 . 3B0E+07 

1 . B3E+04 

0.00E+00 

1 . B3E+04 

1.00 

0.00 

1.00 

6 

1 . 280E+07 

0 . 00E+00 

0 . 00E+00 

0. 00E+00 

0.00 

0.00 

0.00 

T 

1.220E+07 

6 . 99E+05 

0. 00E+00 

6 . 99E+05 

0.98 

0.00 

0.98 

B 

1.  1I0E+07 

1 . 93E+04 

0. 00E+00 

1 . 93E+04 

0.71 

0.00 

0.71 

9 

1 . 000E+07 

6.07E+03 

0 . 00E+00 

6 . 07E*05 

0.60 

0.00 

0.60 

10 

9 . 050E+06 

3.24E+06 

0. 00E+00 

3. 24E*06 

0.72 

0.00 

0.72 

11 

8. 190E+06 

4. 08E+06 

0 . 00E+00 

4.08E+06 

0.81 

0.00 

0.81 

12 

7.410E+06 

6 . 69E+06 

0. 00E+00 

6 . 69E+96 

0.37 

0.00 

0.37 

13 

6.380E+06 

2.00E+0? 

3. 03E+03 

2 . 00E+07 

0.22 

1.00 

0.22 

14 

4.970E+06 

2.27E+07 

0.00E+00 

2 . 27E*07 

0.26 

0.00 

0.26 

IB 

4. 720E+06 

1.57E+07 

2.S6E+03 

1 . 57E*07 

0.  16 

1.00 

0.  16 

16 

4 . 070E+06 

2 . 43E+07 

3.85E+04 

2.43E+07 

0.  14 

0.67 

0.  14 

17 

3.010E+06 

2 . 44E+07 

1.01 E+05 

2. 43E+07 

0.  10 

0.  18 

0.  10 

IB 

2.390E+06 

4.  38E+-07 

S.96E+04 

4. 39E+07 

0.  17 

0.43 

0.  17 

19 

2. 310E+06 

2.94E+07 

1 . 09E+05 

2. 95E+07 

0.  10 

0.22 

0.  10 
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Table  II. 4. 7 


3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued). 


ERl  WITH  S*  PB 


CROUP 

ENERGY  (EV> 

raoirr 

BACK 

TOTAL 

23 

1 . B33E+36 

3 . 32E+27 

B.73E+34 

3.S3E+37 

3.2? 

3.  12 

3.37 

21 

1 . 1 I3E+36 

2.281*07 

J.97E+38 

2.  33E+-37 

2.26 

3.  13 

3.36 

22 

B.B33E+33 

9.33E+36 

1 . 36E+35 

4. 14E+36 

3.37 

3.  13 

0.37 

23 

1 . S83E+35 

8 . B4E+36 

B.B7E+34 

B.63E+36 

3.  18 

3.  15 

3.  13 

24 

1. 113E+35 

3.41E+36 

1.21E+33 

3.33E+36 

3.  16 

0.83 

3.  16 

28 

6 . 233E+34 

8.76E+36 

4.7BE+34 

3 .  B5E+36 

3.  14 

3.28 

3.  14 

26 

2 . 483E+34 

2 . 77E+36 

4.44E+35 

3. 22E+36 

3.21 

3.67 

3.23 

27 

2. I93E+34 

2.92E*36 

8.  14E+34 

2.97E*36 

3.  16 

3.24 

3.  16 

26 

1 . 333E+34 

2. 2411*06 

7. S3E+34 

2. 32E+-36 

3.  14 

3.  16 

3.  14 

24 

3 . 383E+33 

2.28E+36 

4. 12E+34 

2 ■ 32E+36 

3.22 

3.  13 

3.21 

34 

1 . 233E+33 

1 . 63E+36 

7.BIE+34 

I.67E+36 

3.  16 

3.27 

3.  17 

21 

B.833E+32 

2.33E+36 

4 . 62E+34 

2.45E+36 

3.  13 

3.43 

3.  18 

22 

1.313E+32 

1 . 47E+36 

6 . 23E+34 

1 . 83E*36 

3.23 

3.26 

3.  14 

23 

2.933E+81 

1 . 83E+36 

4.  B6E+34 

1 . 33E+36 

0.  16 

3.  16 

3.  18 

24 

1 . 373E+3 1 

7.37E+35 

6 . 94E+34 

7.97E+35 

3.22 

3.  17 

3.23 

28 

3.363E+33 

6. 33E*33 

8.43E+34 

6 . 92E+35 

3.33 

3.28 

3.33 

26 

1 .  130E+33 

S.81E+35 

4.22E+34 

8 . 73E+35 

3.81 

3.  16 

3.24 

27 

4. I42E-21 

6.76E*32 

T.26E+32 

1 .43E+33 

3.41 

3.23 

3.23 

Table  II. 4. 8.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt. 


ERl  WITH  6*  P B  AND  PHANTOM 


cnour 

ENERGY  <  EV) 

FRONT 

BACK 

TOTAL 

1 

1 . 960E+07 

0.00E+00 

0 . 00E+00 

0 . 00E+00 

0.00 

0.00 

0.00 

2 

1.690E+07 

• • 08E+00 

0 . 00E+00 

0.00E+80 

8.00 

0.00 

0.00 

8 

1 . 490E+07 

0 . 00E+00 

0 . 00E+00 

0. 00E+00 

0.00 

0.00 

0.00 

4 

1 . 420E+07 

2. 4 IE+ 10 

0. 00E+00 

2. 4  IE* 10 

1.00 

0.00 

1.00 

8 

1 . 3B0E+07 

0 . 09E+00 

0. 00E+00 

0. 00E+00 

0.00 

0.00 

0.00 

6 

1 . 2B0E+07 

0 . 00E+00 

0 . 00E+00 

0.00E+00 

0.00 

0.00 

0.00 

7 

1 . 220E+07 

0 • 00E+00 

0. 00E+00 

0 . 00E*00 

0.00 

0.00 

0.00 

8 

1 . 1 10E+07 

1.88E+09 

0 . 00E+00 

1 . B6E+09 

1.00 

0.00 

1.00 

4 

I.000E+07 

0. 00E+00 

0 . 00E+00 

0 . 00E+00 

0.00 

0.00 

0.00 

18 

9 . 050E+06 

0 . 00E*00 

0 . 00E+00 

0. 00E*00 

0.00 

0.00 

0.00 

11 

8. 190E+06 

9.39E+09 

0.00E+00 

9.59E+09 

1.00 

0.00 

1.00 

12 

7.410E+06 

4.77E+10 

0 . 00E+08 

4.77E+10 

0.31 

0.00 

0.31 

13 

6.380E+06 

5.06E+ 10 

0. 00E+00 

5 . 06E* 10 

0,27 

8.00 

0.27 

14 

4. 970E+06 

5.0IE+10 

0 . 00E+00 

S . 0 1E+  10 

0.52 

0.00 

0. 52 

IS 

4.720E+06 

6. 52E+ 1 0 

5.64E+09 

7.0BE+10 

0.28 

1.00 

0.27 

16 

4 . 070E+06 

1. 10E+ 1 1 

4.60E+09 

1 .  15E+  1  1 

0.  16 

0 .  B 1 

0.  16 

17 

3 . 0 10E+06 

1 . 55E+ I 1 

8.26E+09 

1.63E+1 1 

0.  18 

0.70 

0.  17 

18 

2 . 390E+06 

2.41E+11 

B . 3 1E+  10 

2.95E+1 1 

0.29 

0.7B 

0.2B 

19 

2.3I0E+06 

2.S5E+11 

2.69E+10 

2 . 82E+ 1 1 

0.  14 

0.44 

0.  14 
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Table  II. 4. 8.  3-D  Neutron  Flux  Per  Unit  Lethargy  Per  Kilowatt  (continued) 


Dll  SITS  6*  r B  AMD  PHAHTOM 


GMWP 

B1DCT  ( CV) 

moirr 

BACK 

39 

1 . 839E*96 

3 . 22E* 1 1 

1 .9SE+ !• 

SI 

•  .•8 

S.  36 

I. 1 ISE*S6 

2.73E* 1 1 

4.SSE+ IS 

•  .•8 

S.  21 

22 

8 . B**E**3 

1 . 86E* 1 I 

4. 22E* 19 

•  ■•8 

•  ■  16 

S3 

1.88SE*«3 

1 .  I9E*  1 1 

8.32E* IS 

S4 

•  .  18 

•  .35 

1 . 1 16E+63 

1 . S9E* 1 1 

3. *BE* IS 

•  ■11 

S .  23 

S3 

8 . 28«E*«4 

7 . 47E* !• 

2. 79E* IS 

9.  14 

•  23 

36 

2.4ME*«4 

9. 14E* 1* 

1 . B3E* 19 

•  .38 

•  ■72 

S7 

2. 196E+64 

4.8  IE* 14 

8.32E* 19 

•  .  16 

•  24 

SB 

1 . 936E-9* 

S. 87E* IS 

2.63E* IS 

S9 

4.  18 

S.  18 

S . 38«E*«3 

7 .  S8E*  IS 

2. 9  IE* IS 

3« 

•  -  14 

S.  IB 

1 . 239E*93 

7 . 8  IE*  IS 

2. 29E* IS 

SI 

S.  19 

S.  23 

8 . 83«E*«2 

8.3  IE* IS 

S. 89 E*  IS 

32 

S.  12 

•  .  19 

l.«l«E*«2 

4.3SE*1S 

3. 33E* IS 

S.  13 

6.  16 

S3 

2.996E+61 

7.S8E* !• 

8. B4E* IS 

S.  13 

9.  17 

S4 

1 . S79E+S 1 

6. 26E* IS 

3.S5E* IS 

S.  19 

9.21 

S3 

3 . •69E+94 

8.72E* IS 

2. 17E+ IS 

S.  IB 

S.  24 

•6 

1.  IStl*N 

• . S2E*  IS 

3. 99E* IS 

S.  14 

S.  17 

•7 

4. I4SE-S1 

S. 73E* 1 1 

S. 84E* 1 1 

S.  n 

S.  IS 

TOTAL 


3 . 4 1 E*  1 1 

3.  13E*11 

•  .•7 

I.98E+1I 

e.e? 

1 .  S2E* 1 1 

•  .  16 
1.49E*1I 

5.  1* 

1 .  S2E* 1 1 
•  .  12 
1.971*11 

•  .34 

• . 82E* !• 

•  .  13 

8. 39 E*  1# 

•  .  12 

1 .S3E+ 1 1 
9.  II 

• .  B1E* !• 
•  ■  16 

b.2ie*i« 
•  ■  1# 
9.68E*1« 
•  .  16 
l.S6E*ll 
9.  16 
9. 3  IE* 16 

6.  16 
7.89E*  16 

•  .  13 

9 .  ME*  19 

•  .11 

3.28E*1I 

•  •8 
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Table  II. 4. 9.  Front  Response  Per  Kilowatt  For  MORSE  (3-D)  Results. 


Back  Response  Per  Kilowatt  For  MORSE  (3-D)  Results. 


Table  II. 4. 11.  Total  Response  Per  Kilowatt  For  MORSE  (3-D)  Results. 


n 


Table  II. 4. 12.  Neutron  Flux  per  Unit  Lethargy  per 


ERl  FREE  FIELD 


CROUP 

EHERCY  (EV) 

FROST 

b\c>: 

1 

1.960F.+07 

4. 97F+03 

O.OO!>0O 

2 

1 . 690F+07 

2.66F+0-:- 

e.  oof- wo 

3 

1 . 490F+07 

6 . 56E+04 

0 . 001+00 

4 

1 . 420F  +  07 

7 . 9 1E+04 

0. 0OF+OO 

5 

1 . 380F+07 

1 . 74E+05 

0. OOF- 00 

6 

1 . 280F07 

2.41F+03 

0. OOF-OO 

7 

1 . 220F+07 

4.93F+03 

0. OOF+OO 

8 

1 .  1  10F+07 

9 . 53E+03 

0. OOF- 00 

9 

1 . 000E+07 

1 . B6K+06 

0.  OOF+OO 

10 

9 . 050F+G6 

3.07K+0U 

o.o  :>oo 

)  1 

8. 190E+06 

4.91E+06 

0. OOF+OO 

12 

7.41 0E+06 

8. 13E+06 

7.0GE-02 

13 

6.380F+06 

1 . 48F+07 

3.2QF+03 

14 

4. 970F+06 

1 . B9E+07 

9 . 47F-03 

15 

4. 720E+06 

2.22E+07 

3.2  ;r>04 

16 

4.070E+06 

4. 78F.+  07 

6.52F-04 

0.11 

0.69 

17 

3. 010E+06 

5.37E+07 

3. 39E-05 

0.  10 

0.29 

18 

2. 390E+06 

3 . 80F.+  07 

4.43E+03 

0.29 

0.30 

19 

2.310E+06 

5.36F+07 

4.97F+03 

0.  10 

0.34 

20 

1 . 830E+06 

3.47E+07 

2.6BF-03 

0.07 

0.  12 

21 

1 . 1 10E+06 

2.45E+07 

3 . 64F+03 

0.07 

0.11 

22 

5 . 500E+03 

I . 12F+07 

2.89E+03 

0.06 

0.10 

23 

1  . 580E+C3 

8.97E+06 

2.  1  IE-03 

0.  13 

0.  15 

24 

1 .  1 10E+03 

5.68E+06 

2. 18F+05 

0.11 

0.  17 

25 

5 . 250E+04 

4. 40F+O6 

1 . 43E+03 

0.13 

0.  13 

26 

2.48OE-04 

5 . 57F+0G 

1 . 0  ;F.+  03 

0.28 

0.49 

27 

2. 190E+04 

5.0IF+06 

1 .62F+03 

0.  13 

0.  17 

28 

1 . 030E+04 

4.55E+06 

1 . 58E+  05 

0.11 

0.  12 

29 

3. 350E+03 

3.82E+06 

1 . 89F-03 

0.  15 

0.23 

30 

1 .230E+03 

3.93E+06 

1 .77F+03 

0.15 

0.20 

31 

5 . 830E+02 

4. I6E+06 

1 . 67E+03 

0.10 

0.  10 

32 

I.010E+02 

3. 18E+06 

1.80E+03 

0.  15 

0.12 

33 

2 . 900E+01 

2.87E+06 

1 .99E+03 

0.  18 

0.  16 

34 

1 . 070E+01 

1 .39E+06 

1 . 72F  +  03 

0.23 

0.  12 

35 

3 . O6OE+0O 

1 . 1 1F+06 

1 . 38E+03 

0.36 

0.  13 

36 

1 .  I30E+00 

7. 36F+03 

1 . 57F.+  03 

0.43 

0.  16 

37 

4. 140E-01 

3.7BF+04 

9.83E-04 

0.48 

0.33 

Ki lowatt. 


TOT  \L 


4.97E+08 
2.6C.IXK 
6 . 56E+04 
7.91  T.+  04 
1 .74E-03 
2.4'  IXlTi 
4.9;ir.+or« 
9 . 53l>05 
1  .  Bf  t>06 

3 .  0".  F-06 

4. 9  1I>06 

a.  n:>ofi 

1 . 48E+07 
1 . 89E+07 
2. 22E+07 
4. 73E+C7 

0.11 

5 . 4  i  I.+07 

0.10 

3 . 841+07 
0.29 

5.41  F.+  07 
0.10 

3. 49L+07 
0.07 

2.4  ’>07 
0.07 

1  .  I  .">[>07 

0.06 

9.  ICE- 06 
0.  13 
5 . 90I>06 
0.  10 

4.  53F.+  06 
0.12 

5.6SF+00 

0.28 
5. I7F+06 
0.  13 

4.70L+06 

0.11 

4.01 E+06 
0.  13 

4. 1 1E+06 
0.14 

4. 33E+06 
0.09 

3. 36C+06 
0.  14 
3 . 00  F>  00 

0.  17 

i . son +oo 
0.20 
1 .25C+00 
0.32 

8. 93L+03 
0.37 
1 . 301+03 
0.28 
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Figure  II. 4. 5.  Front  Neutron  Flux  vs  Energy  ER1  with  6"  Pb. 


oairGN 


Figure  II. 4. 6.  Back  Neutron  Flux  vs  Energy  ER1  with  6"  Pb. 


Total 


Table  11.4.13.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt 


ERI  WITH  6  IK.  PB 


CROUP 

ENERCY  (  EV > 

FRONT 

BACK 

1 

1 . 960F  +  O7 

1 . 06  F  +  03 

0. 0OF+0O 

2 

1 . 690K+07 

5. 49F+03 

0.0  C. +  00 

3 

1 . 4901. +  07 

I . 3 1F+04 

0 .  OOF’  00 

4 

1 . 420K+07 

I . 54F+04 

0. 0OF+OO 

5 

1 . 380 F- 07 

3 . 38F+04 

0.  OOF. +  00 

6 

I . 280K+07 

4  59E+04 

0. 0OE+OO 

7 

1 . 220; -07 

9 . 26F.+  04 

0.09  >00 

fl 

J .  1 1  OF +  07 

1 . 791+03 

0. 00E+OO 

9 

1 . O0OF+O7 

3 . 4BK+03 

0. 00E+00 

10 

9 . 050K+06 

5 . 63K+03 

0. OOF +00 

1  1 

8. 19OE+06 

9. 04E+O3 

0. 00.F+00 

1  ° 

7. 4IOF+06 

1 . 49E+06 

4. 73F+0 I 

13 

6.380F+06 

2. 59F+06 

4.20E+02 

14 

4 . 970F+06 

2.86F.+  0G 

1.9'  E+03 

13 

4. 72<>l.+06 

3. 38F.+  06 

5 . 99E+03 

16 

4.070E+06 

6. 54F+06 

7. 63F+03 

0.  12 

0.  77 

17 

3.01  0F.+06 

1 . 16F+07 

7.57E+04 

0.  13 

0.22 

18 

2 . 390E+06 

2.21E+07 

3.2IE+04 

0.36 

0.75 

19 

23I0E+06 

1 . 70E+07 

5.23E+04 

0.09 

0 . 23 

20 

1 .830E+06 

2.33E+07 

1 .201 +05 

0.00 

O.  12 

21 

1 .  1 10E+06 

2. 22E+07 

2. 187+03 

0 . 00 

0 . 09 

22 

5.500E+03 

9.81F+06 

1 . 72E+03 

0.09 

0.10 

23 

1 . 580E+03 

6.53E+06 

1  .  1OF+03 

0.20 

0.  13 

24 

1 . 1 10E+O5 

4.82E+06 

2.2IE+05 

0.26 

0.50 

25 

5 . 250E+O4 

2.96K+06 

1 . 07F.+  05 

0.27 

0.  13 

26 

2. 480F.+04 

1 .54F.+  06 

1  .  1  5E+03 

0 .5.* 

0.21 

27 

2.  1 90F.+  04 

1.61 E+06 

6 . 93F+04 

0.23 

0.  12 

28 

1 . 03OE+O4 

2. 13E+06 

I  .  12F  +  03 

0.22 

0.  16 

29 

3. 330F.+03 

9.6BF+03 

9. 49E+04 

0 . 23 

0.12 

30 

1 . 230E+03 

1 . 52F+06 

1 . 06F+03 

0.32 

0.20 

31 

5 . 830E+O2 

1 . 10E+O6 

9. 59F.+  04 

0.28 

0.  10 

32 

1-01 0F.+  O2 

1 .5 IE+06 

85IE+04 

0 . 30 

0.  12 

33 

2. 90OE+01 

8. 92E+03 

6  ■  96  [>  04 

0.23 

0.  12 

34 

1  070F+01 

7.7IF+03 

8.491-04 

0 . 30 

0 . 09 

35 

3 . 060E+00 

5  531+03 

7.99E+04 

0  71 

0.14 

36 

1  .  I3OF.  +  0O 

2. 891+03 

7. 7C5>  04 

0.46 

0.  12 

37 

4.  140E-0I 

3.091+04 

2  I5F+04 

0.35 

0.  19 

TOTAI. 


i .  o«.r+03 

5 . 49E+03 
1 . 31E+04 
I  .  54H+04 
3 . 38F+04 
4. 59F+04 
9 . 267+04 
1 . 79F+03 
3. 481  -05 
5 . 63F.+  03 
9. 04F+03 
1 . 4'fL+OO 
2. 591.-06 

2 . 6«'t* 06 
3..;o;:+o6 

6. 53E+06 
0.12 
1  .  17E+07 
0.13 

2. 2  IF. -07 
0.36 
I  .70E+07 
0.09 

2. 34E+07 
0.  OC 
2.24IC+07 

o.o 

9.9CC+06 

0.09 

6 .65C+C6 
0.  19 

5 . 04F.+06 
0.23 

3. 07E+O6 
0.26 
1 . 65E+06 

0.3:. 

i .  o:,;  -or 
0 . 22 
2. 24F+06 
0 . 20 
i .  O'  r.+  06 
0 . 23 
1 . 63C+06 
0.30 
1 .201+06 
0 . 26 
1 . 601  +06 
0 . 28 

9 . 621+05 

0  22 
8  5>f+05 
0 . 34 

6 . 35I.+05 
0.62 
3 . 67F+05 
0 . 36 

5.251 +04 
0.22 
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Figure  II. d. 8.  Front  Neutron  Flux  vs  Energy  ER1  with  6"  Pb  and  2"  Cave. 


JDJTRON  ENERGY  (EV) 


Figure  II. 4. 10.  Total  (Front+Back)  Neutron  Flux  vs  Energy  ER1  with  6"  Pb  and  2"  Cave. 


m 


■ 


Table  II. 4. 14.  Neutron  Flux  per  Unit  Lethargy  per 


EBl  WITH  6  IH.  PB  AND 


CROUP 

ENERGY  (EV) 

1 

1 . 96OE+07 

o 

1 . 0908*07 

3 

1 . 490E+07 

4 

1 . 4200+07 

5 

1 . 38OE+07 

0 

1  9800+07 

7 

1  .  _:20E+07 

6 

1 .  1 1 0E+0? 

9 

1 . 000E+07 

10 

9 . 050E+06 

1  1 

8.  1 9OE+06 

12 

7 . 4 10E+06 

13 

0 . 380E+06 

14 

4. 970000 

15 

4. 7200+06 

10 

4.0700*00 

17 

3.01 0E+OO 

18 

2 . 390E*00 

19 

2 . 3 10E*OO 

20 

I . 830E*06 

21 

1 , 1 10E*06 

22 

5.5OOE+05 

23 

1 . 580E+03 

24 

1 . 1 10E*05 

25 

5. 250E+04 

20 

2.480E+O4 

27 

2. 190E*04 

20 

1 ,03OE*04 

29 

3. 350E*03 

30 

1 . 23OE+03 

31 

5 . 830E+02 

32 

1 . 0 10E+O2 

33 

2.9000+01 

34 

1 .070E+01 

35 

3.060E+OO 

30 

1 . 1 3OE*O0 

37 

4. 1 40E-0 1 

FRONT 

BACK 

I . 880*02 

8 ■ 820+00 

9 . 400+02 

4310+01 

2 . 13E+03 

9.51*0  +  01 

2. 430*03 

I . 190+02 

5 . 3B0+03 

2-74E-02 

7. 130+03 

3.870-02 

1 . 420+04 

8.5*.  0-02 

2 . 7 4 0+04 

1 . 820+03 

5.270+04 

3.910+03 

8. 23E+04 

6 . 640+03 

1 . 320+03 

I . 1 1E+04 

2.  1GF.+  C3 

1 . BGO+04 

3.43E+03 

3 . 600+04 

3. 3 IE+03 

4. 420+06 

3.980+03 

6 . 960-04 

7.280+00 

5 . 480+ 05 

0.20 

0.4  1 

1  .  180+07 

1 . 660-06 

0.  16 

0.48 

I  .020+07 

2-860-06 

0.39 

0.93 

1 .93E+07 

1.580*07 

0. 13 

0 . 75 

2. 44F+07 

2.680+06 

0.11 

0.49 

2.840+07 

6 . 620+06 

0.11 

034 

1  .830+07 

3.400+06 

0.14 

0.26 

9 . 430+06 

2.610+06 

0.22 

0.52 

3.83E+06 

1.3BE+06 

0.24 

0.56 

1 . I0E+O6 

5 . 82E+05 

0.21 

0 . 74 

5 . 44E+06 

8.  18E+05 

0.77 

0.02 

1 .920+06 

8.630+05 

0.30 

0.53 

1 . 19E+06 

3.980+05 

0.21 

0.43 

2. 180+06 

2. 220+06 

0 . 62 

0.72 

1 . 230+06 

2 . 500+05 

0 . 42 

0.70 

1 . 14E+06 

3.770+06 

0.28 

0.79 

1 .B7E+06 

8.480+06 

0.50 

0.97 

I .B1E+06 

3. 190+03 

0.39 

0.93 

1 .410+06 

2.750*05 

0.35 

0.89 

6.010+03 

3.770+03 

0 . 60 

0.68 

1 . 1 50+06 

1 . 710+06 

0.60 

0.95 

5.23L+04 

7.900+03 

0.81 

0.6  1 
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Ki lowatt. 


IK.  CAVE 


TOTAE 


1 . 960+02 
9 . 891- no 
2  ■  230+03 
2. 530*03 
5 . 650+03 
7.520+03 
1 .510+04 
2.920+04 
5 . 660+04 
8. 89 0+ 04 
1 . 430+05 
2 . 3  it>or» 

3.810+03 
3.750+05 
4. 600-03 
7.830-  oo 
0.  19 
1 . 330+07 
0.10 
1.3-  0-07 
0.30 

3 . 531. +07 
0.34 

2.710-07 

0.11 

3. 521+07 
0.11 

2.  19F.+07 
0.13 
1 ,2ir+07 

0.21 

5.210+06 
0.23 
1 . 680+06 
0.29 

6.26E+06 
0 . 08 
2. 781.*  Oo 
0.27 
1 . 590+  00 
0.19 

4 . 400+00 

0.48 

i .  400+00 

0.37 

4.91  0+  00 
0.0  1 

I .031 *07 
0.0“ 

2. 13i • Oo 

0.30 
I  .69|  .(W 

0 . 30 

9.781 +  03 
O  4  7. 

2 . 8>  i 

O  0  2 


Figure  II. 4. 11.  Front  Neutron  Flux  vs  Energy  ER1  with  Exercise  Wheel. 


Figure  1 1. 4. 12.  Back  Neutron  Flux  vs  Energy  ER1  with  Exercise  Wheel. 


Table  II. 4. 15.  Neutron  Flux  per  Unit  Lethargy  per 


ERl  WITH  EXERCISE  WHEEL 


CROUP 

ENERGY  <EV> 

FRONT 

BACK 

1 

1 .900F.*07 

2. 9011*03 

6  .  1  6  F.*0  1 

o 

1 . 690E*07 

1 . 5  IE* 04 

3. 2  HI* 32 

3 

1 . 490E+07 

3 . 6311+04 

8. 0211-02 

4 

1 . 420L*07 

4.3311+04 

9.11 E-02 

5 

1 .38OE+07 

9 . 4911  +  04 

2. 04F.+03 

6 

1 . 280F+07 

1 . 321+05 

2.8911  +  03 

7 

1 . 220E*07 

2.63F+05 

5. 45  11+03 

8 

1  .  1 1 OE+07 

5  .  1511+05 

9 . 9711*03 

9 

1 . 0OOL+O7 

9 . 7811+05 

I  .9911+04 

10 

9 . 0501X16 

1 . 6311  +  06 

4. I7E+04 

1  1 

8. 190E*06 

2.51 11+  06 

8.  I6E+04 

12 

7.410E+06 

4. 4211+06 

1 .2  11-05 

13 

6.3801*06 

7 . 85E+06 

3. 4011+05 

14 

4 . 970E  +  06 

9.7711+06 

5.79E+05 

15 

4 . 720E+06 

1  .  1411-07 

6 . 7711+05 

16 

4 . 070L+06 

2. 6211  +  07 

1 . 3511-06 

0.  15 

0.60 

17 

3.01OE+O6 

3. 2711+07 

7.5411+05 

0.12 

0.60 

18 

2 . 390E+06 

4.53E+07 

2. 2411+06 

0.31 

0.66 

19 

2.31 0E+06 

3. 41 E+07 

2.0311+04 

0.  12 

1 . 00 

20 

1 . 830F+06 

3 . 0511+07 

3. 44F+06 

0.00 

0 . 23 

21 

1  .  1  1 0E+O6 

2 . 62F.+  07 

3.9911+06 

0.  10 

0 . 36 

22 

5 . 500E*03 

1 . 32E+07 

3. 071+06 

0.  12 

0.26 

23 

1 .580E*05 

7.8211+06 

3.0311+06 

0.25 

0.48 

24 

1  .  1  10F.+  03 

5 . 0BE+ 06 

2.0211+06 

0.  10 

0 . 33 

25 

5. 250E*04 

5.01  F.+  06 

9.  1711+05 

0.34 

0 . 35 

26 

2.4R0E*04 

3 .661+06 

1  .  1611+06 

0 . 3o 

1  .  i;o 

27 

2. I90L+04 

2.5311+06 

1  .  1411+06 

0  .  19 

0.30 

28 

1 .030E*04 

3 . 70F.+06 

1 . 6  1  E+06 

0.27 

0.42 

29 

3 . 350E+03 

2.3  111+06 

1  .  1911+06 

0.32 

0.36 

30 

1 . 230E+03 

3 . 48F.+06 

2.  4)11  +  06 

0.27 

0. 4B 

31 

5 . 830F.+02 

2. 8411+06 

1 . 4311  +  06 

0.15 

0.38 

32 

1 . 010E+02 

2. 3  111+06 

1  .  181+06 

0  20 

0.3  1 

33 

2 . 903F*0 1 

3. 231+06 

9 . 071-05 

0 . 30 

0.30 

34 

1 .07OE*01 

2. 3911*06 

1  .  151+06 

0.19 

0.3  + 

35 

3 . 06OE*00 

2.00E+O6 

8.2  -E+03 

0  41 

0.29 

36 

1 . 1308*00 

2. 431*06 

9 . 9‘*  F  +  05 

0.57 

0.37 

37 

4.  1 4OF.-0  1 

2. 4911+06 

2.711+06 

0.31 

0.34 

Kilowatt. 


TOTAL 


2.  9611*03 
1 . 54l>04 
3.711X14 
4 . 42F+04 
9.69F.+04 

i  .3511+05 

2 . 7011+ 0" 
5. 2511+05 
9 . 901X13 
I  .671+06 
2 . 5911+06 
4.55F.+06 
8. 2011  +  00 
I  .  04 E+07 
1 . 2 1 I  +07 
2. 75E+07 
0.14 

3. 3411+07 
0.11 

4. 7511+07 
0.30 
3. 4  I E+07 
O.  12 

3 . 39f>07 
0.08 
3.01  E+07 
0  .  1  (- 
1 .6211+07 
0.11 

1 .0911+07 
0.23 

7.  1011*06 
0  16 

5 . 9311+06 
0.30 

4. 821*06 

0 . 36 

3 . 67L*  06 
0.  16 

5.31E+06 

0.23 

3.50E+06 

0.24 

5.89E+06 

0.25 

4. 2611+06 
0.  16 

3.49E+06 
0.  17 

4.  131*  06 

0.24 

3.541*06 
0  18 
2. 63 E* 06 
0.30 

3.431*06 
0.42 
5.20!  *06 
0 . 23 
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Figure  II. 4. 15.  Back  Neutron  Flux  vs  Energy  ER2  Free  Field. 


Figure  II. 4. 16.  Total  (Front+Back)  Neutron  Flux  vs  Energy  ER2  Free  Field. 


Table  II. 4. 16.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


ER2  FREE  F  I  El  l* 


ROUP 

ENERCY  (EVj 

FRONT 

BACK 

TOTAL 

1 

1 .  960F.+07 

4.71E+03 

0 . 00 K*00 

4.7 1E+03 

2 

1 . 690E+07 

2.51E+04 

0 . 0OE+0O 

2. 5  IE* 04 

3 

1 . 490E+07 

6 . I9E+04 

0.OOL*OO 

6 . 19E+04 

4 

1 . 420E-07 

7 . 45E+04 

0 . 00-2*00 

7.43E+04 

3 

1 . 38OE+07 

1 . 63E+03 

0 . OOE+0O 

1 . 63F.+  05 

6 

1 . 2 80 E- 07 

2. 261X13 

0.00’  >0O 

2. 261+05 

7 

1 . 220E+07 

4.62E+03 

0.002-00 

4. 62F+05 

8 

1  .  1 10F.+  07 

8 . 93E+03 

0. OCE-0O 

8 . 93F.+03 

9 

1 . 000E+07 

1 . 73E+06 

0.002*00 

1 . 73E+0' 

10 

9 . 0301—06 

2. 85E+06 

0.002*00 

2 . 85! +06 

1  1 

8. 190E-06 

4 . 56F.+06 

0 . 001X10 

4.561-06 

12 

7.41 0E+06 

7.53E+O0 

0.oo::»oo 

7. 591+01 

13 

6.380E+06 

1 . 36E+07 

3.71E*02 

1 . 36L+07 

14 

4.970E+06 

I  .  73f>0? 

7. 5  11X13 

1 . 74E+07 

15 

4.720K+06 

2.02E+07 

2. 74E+04 

2. 02L+O7 

16 

4 . 070E+06 

4.  16E+07 

7. 79E-04 

4.  I7F+07 

0.  12 

0.86 

0  .  12 

17 

3.01 0E+O6 

4.69E+07 

4.76F.+  03 

4.731.-07 

0.15 

0.20 

0.15 

18 

2 . 390E+06 

4.99E+07 

2 . 72E»03 

5.02E+07 

0.42 

0.61 

0.42 

19 

2.310E+06 

4.64E+07 

3.58E+05 

4 . 67F.+07 

0.  12 

0.23 

0.12 

20 

1 . 830E+06 

4. 19E+07 

4.B0E+03 

4.24L+07 

0.10 

0.  16 

0.09 

21 

1  .  1  10E+06 

2.32K+07 

7.2‘>E-03 

2  341  +07 

0.08 

0.  12 

0.08 

22 

5 . 500E+05 

9.7IE+06 

3.63E+03 

I  .0IF+07 

0.07 

0.09 

0.07 

23 

1 . 580E+05 

7. I5E+06 

3.631X13 

7.521  +06 

0.19 

0.  19 

0.18 

24 

1 .  1 10E+05 

7 . 8  1  E.+  06 

3 . 82K*03 

8.  19E  +  06 

0.  12 

0.29 

0.  12 

25 

5 . 230E+04 

3 . 77E*  06 

2.61E*03 

4.031+06 

0.  16 

0.16 

0.15 

26 

2 . 480E+04 

7.23E+06 

1 . 97!>03 

7 . 43!.+  *" 

0.29 

0.31 

0 . 28 

27 

2.  190E+04 

5 . 20E+06 

2. 3  1 E* 03 

5.441*06 

0.  14 

0.20 

0.  14 

28 

1 .03OE+04 

3 . 80F.+06 

3.901*03 

4.  I9F-06 

0.  14 

0.  19 

0.13 

29 

3 . 330E+03 

3 . 49E+06 

2.981.  +  03 

3.791*06 

0.  16 

0.  14 

0.15 

30 

1 . 230E+03 

3. 27E+06 

7.42!  *03 

4 . 0  1 F+  06 

0.22 

0.67 

0.22 

31 

5 . B30E+02 

4.  13F.+06 

2 . 2  1  F.*03 

4.35F-06 

0.  10 

0.  10 

0.  10 

32 

1 .010E+02 

3.44F.+06 

2 . 47E*05 

3. 69 E* 06 

«.  12 

0.11 

0.11 

33 

2.900E+01 

3 . 64E+06 

2.76E+05 

3 . 92F.+  06 

0.  17 

0.  17 

0  16 

34 

1 .07OE+01 

4 . 221*06 

3.642*03 

4. 59 F* 06 

0.  13 

0  .  16 

0.  12 

35 

3 . 06OE+00 

4  29F.+  06 

3 . 34!'.+ @5 

4.62F.+  0* 

0.  15 

0.  15 

0.  14 

36 

1 . 130E+00 

4.26E+06 

2. 83K-03 

4. 541  +0* 

0.12 

0.12 

0.  I  1 

37 

4. 140E-01 

4. 14E+06 

2.01  F.+  03 

4. 34F+06 

0.07 

0.  13 

0.07 
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Figure  II. 4. 17.  Front  Neutron  Flux  vs  Energy  ER1  Free  Field  with  12"  Water. 


Figure  II. 4. 18.  Back  Neutron  Flux  vs  Energy  ER1  Free  Field  with  12"  Water. 


Figure  II. 4. 19.  Total  (Front+Back)  Neutron  Flux  vs  Energy  ER1  Free  Field  with  12"  Water. 


Table  II. 4. 17-  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


ERl  FREE  FIELD  WITH  12  IN.  WATER 


CROUP 

ENERCY  (  EV) 

FRONT 

BACK 

TOTAL 

1 

1 . 960E+07 

6 . 97E+02 

0.  O'lF+OO 

6.97F+02 

2 

1 .690E-07 

3 . 03F.+03 

o.oo::+oo 

3.03E-  03 

3 

1 . 490E+07 

6 . 56E+03 

0.0'  E+03 

6 . 56F.+03 

4 

1 . 420E+07 

7.46E+03 

0.OOE+OO 

7. 46 E+03 

5 

I  . 380E+07 

1 . 57C+04 

o.or.i+oo 

1 .57F.+  04 

6 

1 . 280 K*  07 

2.22E+04 

0.0OE+OO 

2. 22F.+  04 

7 

1 . 220i>07 

3. 5911+04 

o.oo.i+oo 

3. 59E+04 

a 

1  .  1  10F+07 

7. I2F+04 

0. OOE+OO 

7.  121+04 

9 

1  .000007 

1 . 29E+03 

0. 0OE+OO 

1 . 29E+05 

10 

9.050E+06 

1 . 77F.+05 

0. OOE+OO 

1 . 77F.+03 

i  i 

8. 190E+06 

2 . 63F.+03 

0. OOE+OO 

2.651+03 

12 

7.41  0F.+06 

3 . 99E+03 

4.74E-01 

3.99F.+  03 

13 

6.3801+06 

5.91 E+03 

2.04E+02 

5.91  E+03 

14 

4 . 970E+06 

6. 55E+05 

5 . 62E+02 

6 . 55F.+  05 

15 

4. 72OE+06 

6. 1 1 E+03 

1.67E+03 

6  .  13E  +  03 

16 

4 . 07OF.+O6 

2. 1 1 E+03 

2.07E+03 

2.  14F.+  03 

0.11 

0 . 57 

0.11 

17 

3.OIOE+06 

3. 09F+O3 

2.23E+03 

3. 12F+03 

0.  10 

0.  14 

0.  10 

IB 

2 . 390E+06 

4. 80E+03 

2.34E+03 

4 . 82F.+05 

0.23 

0.30 

0.24 

19 

2.3I0F.+  06 

2. 19 E+03 

I  . 62F+03 

2. 2OF.+  05 

0.11 

0.14 

0.11 

20 

1 . 830E+06 

1 . 18F+03 

1.50E+03 

I  .  I9F.+  05 

0.07 

0 . 09 

0.07 

21 

1  .  1  10E+06 

6 . 33F.+04 

1 . 49E+03 

6.48F.+04 

0.03 

0 . 03 

0.08 

22 

5 . 50OF.+O3 

2 . 52F.+  04 

9 . 69E+02 

2.6IE+04 

0.07 

0 . 08 

0.07 

23 

1 . 580E+03 

2.50F.+  04 

7 . 86F.+02 

2.5RE+04 

0.24 

0.16 

0.23 

24 

1  .  1 10E+05 

1 .43E+04 

5 . 65F.+02 

1 .5  IF.+04 

0.13 

0.13 

0.12 

25 

5 . 250E+04 

9 . 62F.+  03 

5.79E+02 

1 . 02F.+  04 

0.  15 

0.18 

0.  14 

26 

2. 480E+04 

2 . 27E+04 

i .  2p::+03 

2. 39E+04 

0 . 29 

0 . 32 

0.28 

27 

2.  190E+04 

1 . 08F.+  04 

3. 16E+02 

1  .  1  1F.+  04 

0.15 

0.  14 

0.14 

28 

1 . 030E+04 

8.  19F.+  03 

6 . 23F.+  02 

8.81 E+03 

0.  16 

0.  17 

0.  15 

29 

3 . 350E+03 

9.84E+03 

5.64E+02 

1 . 04F.+04 

0.  14 

0.  13 

0.  13 

30 

1 . 230F.+03 

7 . 02F.+03 

6.07E+O2 

7 . 63F.+03 

0 . 22 

0.  15 

0.20 

31 

5 . B3OE+02 

5 . 83F+03 

4.24E+02 

6.27E+03 

0.  13 

0.15 

0.  12 

32 

1 .010E+02 

6 . 7  1F.+  03 

9.27E+02 

7 . 63F.+  03 

0.  18 

0 . 23 

0.16 

33 

2 . 90OF.+0  1 

5 . 39E+03 

5 . 291+02 

5 . 92' +03 

0.25 

0.  15 

0.23 

34 

1 .070F.+01 

5 . 421+03 

5.  171. +  02 

5.98F+03 

0 . 3o 

0.  16 

0.33 

35 

3 . 060E+00 

3.06E+O3 

4.35E+02 

3. 50F.+  03 

0.40 

0.  14 

0.35 

36 

1  .  130E+00 

1 . 46F+03 

4.78E+02 

I  . 94F+03 

0.68 

0.  15 

0.32 

37 

4.  I40E-01 

3.99F.+  01 

1 . 24E.+  02 

1 .64F.+02 

0.29 

0.26 

0.21 
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Figure  II. 4. 20.  Front  Neutron  Flux  vs  Energy  ER1  with  2"  Pb. 


Energy  ER1 


Figure  II. 4. 22.  Total  (Front+Back)  Neutron  Flux  vs  Energy  ER1  with  2"  Pb. 


Table  II. 4. 18.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt 


ERl  WITH  2  1R.  PB 


CROUP 

ENERGY  (EV) 

PRORT 

BACK 

TOTAL 

1 

1 .  960E-07 

2 . B2E+03 

0. 0CC+0O 

2 . 82T.+03 

2 

1 . 690E+07 

1 . 4BE+04 

0. 0OF.+  OO 

1 .4CE+04 

3 

1 .490E+07 

3.6 IE+04 

0.  OOE+OO 

3.61E+04 

4 

1 .420F+07 

4 . 32E+04 

0. 0CE+OO 

4.32E+04 

5 

1 .380E+07 

9 . 5 1 E+04 

0. 0OE+OO 

9.51E+04 

6 

1 .280E+07 

1 . 3 1 E+05 

0.OOE+OO 

1 . 3 1 E+05 

7 

1 . 220 1>07 

2 . 68E+03 

O.OCOOO 

2 . 681. +  05 

B 

1  .  !  1  OE’-O? 

5. 18E+03 

0. OOE+OO 

5  .  18E  +03 

9 

1 . 00OE+07 

1 . 0 1E+06 

0.0OE+0O 

1 . 0 1 E+06 

10 

9.030E*06 

1 .66E+06 

0. OOE+OO 

1 . 66E+06 

1  I 

B. I9CE+06 

2 . 66E+06 

0. OOE+OO 

2.66E+06 

12 

7.41 0E+06 

4. 42E+06 

2.32E+01 

4. 42L+06 

13 

6 . 360E+06 

B.03E+06 

1  . 12E-03 

8. 03E+06 

14 

4 . 970F.+  G6 

9 . 95E+06 

5.05E+03 

9.96F.+  06 

13 

4.720L-C6 

1 . 19E+07 

1 .76E+04 

1  .  19L+07 

16 

4.070E+06 

2.43E+07 

3. 55E+04 

2.43E+07 

0.  14 

0.67 

0.14 

17 

3.010E+06 

2.44E+07 

1 . 0 1 E+05 

2.45E+07 

0.  10 

0.  18 

0.  10 

18 

2 . 390E+06 

4. 38E+07 

8.96E+04 

4.39E+07 

0.17 

0.43 

0.  17 

19 

2.310E+06 

2 . 94E+07 

1 .09E+O5 

2.95E+07 

0. 10 

0.22 

0.  10 

20 

1.830E+O6 

3 . 32T.+  07 

B.7OE+04 

3.33E+07 

0.07 

0.  12 

0.07 

21 

1 . 1 10E+O6 

2 . 28F+0? 

1 .97E+03 

2. 30E+07 

0 . 06 

0.  13 

0.06 

22 

3.500E+03 

9.83E+06 

1 .06E+05 

9.  14E+06 

0.07 

0.  13 

0.07 

23 

1 .5B0E+05 

5.54E+06 

5.57E+04 

5.6OE+06 

0.  15 

0.15 

0.15 

24 

1 . 1 10E+O5 

3.41E+06 

1 .21E+05 

3.53E+06 

0.  16 

0.53 

0.  16 

25 

5.25OE+04 

3 . 76 £+06 

9.7BE+04 

3.B5E+06 

0.19 

0.28 

0.19 

26 

2 . 480E+04 

2.77E+06 

4 . 4'  r.+os 

3 . 22E+06 

0.21 

0.67 

0.20 

27 

2. 190E+04 

2.92E+06 

5. 1 4E+04 

2.97E+06 

0.16 

0.24 

0.  16 

28 

1 .©3OE+04 

2.24E+06 

7. 53E+04 

2. 32E+06 

0.  14 

0.  16 

0.14 

29 

3. 350E+03 

2. 28E+06 

4.  12E+04 

2.32E+06 

0.22 

0.  13 

0.21 

30 

1 .230E+03 

1 . 60E+06 

7.5IE+04 

1 .67E+06 

0.  16 

0.27 

0.  17 

31 

5 . 830E+02 

2. 35E+06 

9.62E+04 

2.45E+06 

0.15 

0.40 

0  15 

32 

1 . 010E+02 

1 .47E+06 

6.23E+04 

1 .53E+06 

•  20 

•  .26 

•  .  19 

33 

2 . 90OE+0 1 

1 . S0E+06 

4.56E+04 

I.35E+06 

0.  18 

0  16 

0  18 

34 

1 .070E+01 

7.37E+05 

0 . 94F.+  04 

7.97E+03 

0  2° 

0  17 

0 . 20 

33 

3 . •OOE+OO 

6 . 33E+05 

B.93E+04 

6.92F+05 

0.33 

0.28 

0.30 

36 

1 . 130F+00 

5.31F+03 

4. 22F+04 

5.73T+05 

0  3  1 

0.15 

0.29 

37 

4. 14OE-0I 

6.76F+02 

7.26F.+02 

1.401+03 

•  .41 

•  23 

0  23 

1  b  9 


ICO 


Figure  1 1. 4. 23.  Front  (3-D)  Neutron  Flux  vs  Energy  ER1  with  6"  Pb  and  Phantom. 


Figure  II. 4. 25.  Total  (Front+Back)  Neutron  Flux  vs  Energy  ER1  with  6"  Pb  and  Phantom. 


Table  II. 4. 19.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt 


PHANTOM  BEHIND 
6"  Pb  WALL 


GROUP  ENERGY  <EV) 


1 

1.960E+07 

2 

1 . 690E+07 

3 

I.490E+07 

4 

1 . 420E+07 

S 

1 . SB0E+07 

6 

1 .280E+07 

7 

1 .220E+07 

8 

1 . 1 10E+07 

9 

1 . 000E+07 

10 

9 . 030E+06 

1 1 

8.  190E+06 

12 

7.41 0E*06 

13 

6 . 380E+06 

14 

4.970E+06 

IS 

4. 720E+06 

16 

4 . 070E+06 

17 

3.01 0E+06 

18 

2 . 390E+06 

19 

2. 3 I0E+06 

20 

1 . 830E+06 

21 

1 . 1 10E+06 

22 

5.500E+05 

23 

1 .580E+05 

24 

1 . 1 10E+05 

23 

B . 250E+04 

26 

2 . 480E+04 

27 

2. 190E*04 

28 

1 .0S0E+04 

29 

3 . 380E+03 

20 

1 . 230E+03 

21 

8 . 830E+02 

22 

1 .010E+02 

23 

2 . 900E+0 1 

24 

I.070E+0I 

28 

8 . 060E+00 

26 

1. 130E+00 

87 

4. I40E-01 

rnoirr 

RACE 

8 . 82E+02 

1 . 04E+01 

2 . 63E+03 

4.85E+01 

6 . 08E+03 

1 . 1BE+02 

6.99E+03 

1 . 31E+02 

1.S1E+04 

2.76E+02 

2.08E+04 

4. 20E+02 

3.88E+04 

8.42E+02 

7.89E+04 

1.72E+03 

1 . 42E+05 

4. 2SE+03 

2 . 20E+05 

8- 29E+03 

S.41E+05 

1 . 38E+04 

5.69E+03 

2.60E+04 

9 . 32E+05 

6 . 03E+04 

1 . 03E+06 

8. 56E+04 

1 . I 1E+06 

8.97E+04 

2.01E+06 

8.  36E+04 

0.  16 

0.81 

2.82E+06 

1  . 50E+03 

0.  18 

0.70 

4 . 89E+06 

9 . 67E+05 

0.29 

0.78 

4. 64E+06 

4 . 90E+03 

0.  14 

0.44 

8 . 87E+06 

3 . 45E+05 

0.08 

0.36 

4.97E+06 

7. 28E+05 

0.08 

0.21 

2.84E+06 

7 . 6BE+05 

0  08 

0.  16 

2. 17E+06 

6.04E+05 

0.  18 

0.35 

1 .99E+06 

8.60E+05 

0.11 

0.23 

1 . 36E+06 

4.90E*03 

0.  14 

0.23 

I  . 66E+06 

2.78E+05 

0.38 

0.72 

1 .  18E+06 

6.03E+05 

0.  16 

0.24 

1 .01E+06 

8.  I4E+05 

0.  18 

0.  18 

1 . 34E+06 

8 . 29E+05 

0.  14 

0.  18 

1 .37E+06 

4. 18E+05 

0.  19 

0.23 

9.67E+05 

8 . 26E+05 

0.  12 

0.  19 

1.  1SE+06 

6. 10E*05 

0.  13 

0.  16 

1 . 29E+06 

6 . 4SE+0S 

0.  13 

0.  17 

1 .  I4E*06 

2 .  BSE+08 

0.  10 

0.21 

1 .04E+06 

8.96E+03 

0.  18 

0.24 

9 . 68E+68 

7 . 28E+05 

0.  14 

0.  17 

4 . 98E+06 

4.63E*06 

0.11 

0.  10 

TOTAL 


5 ■ 62E+02 
2.70E+03 
6. 19E+03 
7. 12E+03 
1 . 54E+04 
2. 13E+04 
3-97E+04 
7.76E+04 
l  .46E+03 
228E+05 
355E+03 
5.95E+05 
9  •  92E+85 
1 . 13E*06 
1 . 2OE+06 
2.09E+06 
0.  16 

2-97E+06 
e.  17 
5 . 36E+06 
0.28 
5. I3E+06 
0.  14 
6.21 E+06 
0.08 
5.70E+06 
6.07 
361E+06 
0.07 

2.77E*06 
0.  16 

2.55E+06 
0.  10 
1 . 83E*06 
0.  12 
1 . 94E*06 
0.34 
1 .79E+06 
0.  13 
1 .53E*06 
0.  12 
1 . B7E*06 
0.  1 1 

1 . 78E+06 
0.  16 
I.49E+06 
0.  10 
1 .76E+06 
0.10 
1 .93E*06 
0.  10 

1 . 69E*06 
0.  10 
1 . 44E+06 
0.  13 
1 .69E+06 
0.11 

♦ .  60E*06 

0.08 
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5.  COMPARISON  OF  l-r>  AND  3-D  RESULTS 


The  rather  laborious  task  of  comparing  the  1-D  and  3-D  spectra  and 
responses,  group  by  group  and  case  by  case  is  left  to  the  reader.  It  is, 
however,  worth  mentioning  that  the  1-D  and  3-D  results  agree  remarkably  well  for 
all  but  two  cases.  Considering  the  far  from  spherical  nature  of  some  of  these 
configurations,  it  is  extraordinary  to  find  the  ANISN  results  agreeing  well  not 
only  in  spectral  shape  but  magnitude  as  well.  The  cases  which  did  not  agree 
quite  as  well,  as  ascertained  by  visual  inspection  as  well  as  differences  in  the 
unfolding  process,  were  the  ones  which  one  would  expect.  Namely  the  cases  with 
exercize  wheel  and  the  phantom,  both  of  which  contain  complex  shapes  (from  a 
spherical  modeling  point  of  view)  of  hydrogenous  material  in  which  neutrons 
scatter  readily.  In  both  of  these  cases,  the  unfolding  process  indicated  that 
the  spliced  spectra  were  more  correct  than  the  1-D  spectra.  This  is  as  one  would 
hope  and  expect,  since  the  3-D  model  should  more  accurately  reflect  the  true 
physical  configuration.  One  may  therefore  conclude  that  1-D  calculations  are 
adequate  except  in  cases  where  complex  shapes  of  hydrogenous  material  are  located 
near  the  detector (s). 
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6.  FREE  FIELD  SPECTRA  AS  A  FUNCTION  OF  DISTANCE  FROM  THE  REACTOR  IN  ER1  AND  ER2 


In  addition  to  knowing  the  neutron  and  gamna-ray  spectra  near  the 
reactor  tank  It  is  of  Interest  to  know  the  radiation  fields  further  away.  The 
knowledge  of  the  effects  on  the  free  field  fluxes  from  perturbations  In  the  room 
and  reactor  configuration,  coupled  with  the  knowledge  of  the  dependence  of  the 
free  field  flux  as  a  function  of  position  in  the  room,  should  allow  reasonable 
estimates  to  be  made  of  the  flux  for  a  wide  variety  of  experimental  arrangements. 
Thus,  an  effort  was  made  to  calculate  the  free  field  flux  In  ER1  and  ER2  as  a 
function  of  distance  from  the  reactor  center. 

From  the  agreement  between  the  1-D  and  3-D  results  for  the  free  field 
cases  It  was  clear  that  this  could  be  done  using  the  ANISN  model.  It  was  not 
clear,  however,  that  this  would  hold  for  cases  very  deep  In  the  room  where  wall 
effects  could  be  Important.  Therefore  a  MORSE  run  was  made  with  the  detector 
located  290  cms  from  the  reactor  center  in  ER2  and  the  results  compared  with  a 
similar  ANISN  calculation.  The  spectra  resulting  from  these  two  calculations  are 
shown  In  Figures  II. 6.1  through  II. 6. 6.  The  good  agreement  in  shape  and 
magnitude,  even  at  this  depth  in  the  room  (1.37  meters  from  the  back  wall), 
indicates  that  3-D  runs  are  not  necessary. 

The  results  for  ER1  are  shown  in  Figures  II. 6. 7  through  II. 6. 42  and 
Tables  II. 6.1  through  II. 6. 12  for  distances  of  50,  100,  200,  300,  400,  and  500 
cms  Into  ER1.  In  addition.  Tables  II. 6. 13  through  II. 6. 15  show  the  front,  back, 
and  total  components  of  the  nine  Integral  responses  as  a  function  of  distance 
Into  the  room.  The  results  for  ER2  are  shown  in  Figures  II. 6. 43  through  II. 6. 66 
and  Tables  II. 6. 16  through  II. 6. 23  for  distances  of  50,  100,  200,  and  300  cms 
from  the  reactor.  Tables  II. 6. 24  through  II. 6. 26  show  the  responses  as  a 
function  of  distance  into  ER2. 
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NEUTRON  ENERGY  (EV) 


Figure  II. 6. 5.  Total  Neutron  Flux  vs  Fnergy  -  Free 


Front  Neutron  Flux  vs  Energy  Free  Field  ER1  50  CMS  from  Reactor. 


Figure  11.6.8.  Front  Ganna  Flux  vs  Energy  Free  Field  ER1  50  CMS  from  Reactor. 


Fiqure  [[.6.9.  8ack  Neutron  Flux  vs  Energy  Tree  Field  ER1  50  CMS  from  Reactor. 


Figure  II. 6. 10.  Back  Gamma  Flux  vs  Energy  Free  Field  ER1  50  CMS  from  Reactor. 
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Table  II. 6.1.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


CHI  FREE  FIELD  Bi  CMS  FROM  REACTOR 


CROUP 

ENERGY  (EV) 

FRONT 

BACK 

TOTAL 

1 

1 . 960E+07 

2. 10E+04 

0.00E+00 

2.  10E+04 

2 

1 . 690E+07 

1 .  12E+05 

0 . 00E+00 

1 .  12E+05 

3 

1 . 490E+07 

2.77E+05 

0 . 00E+00 

2.77E+03 

4 

1 . 420E+07 

3 . 33E+05 

0.00E+00 

3.33E+05 

5 

1 .380E+07 

7.32E+05 

0 . 00E+00 

7.32E+05 

6 

1 . 280E+07 

1 .02E+06 

0.00E+00 

1 .02E+06 

T 

1 . 220E+07 

2.0BE+06 

0 . 00E+00 

2.0BE+06 

8 

1.  1 10E+07 

4 . 03E+06 

0 . 00E+00 

4. 03E+06 

9 

1.000E+07 

7.B5E+06 

0 . 00E+00 

7. 85E-»06 

10 

9 . 050E+06 

1 .30E+07 

0.00E+00 

1.30E+07 

1  1 

8.  190E+06 

2.08E+07 

0 . 00E+00 

2 . 0BE+07 

12 

7.410E+06 

3.44E+07 

1 .76E+03 

3.44E+07 

13 

6 . 380E+06 

6 . 30E+07 

7 . 94F.+  03 

6 . 30E+07 

14 

4 . 970E+06 

8. 06E+07 

2 . B 1 E+04 

B.06E+07 

IS 

4 . 720E+06 

9 . 47E+07 

6 . 56E+04 

9 . 47E+07 

16 

4.070E+06 

1 . 12E+0B 

1 .41E+03 

1 . 12E+0B 

17 

3 . 0 10E+06 

1 . 3 1E+08 

4.34E+05 

1 .31E+08 

18 

2.390E+06 

1 . 70E*08 

4.45E+05 

1 .71E*0B 

19 

2 . 8 10E+06 

1 . 33E+08 

4. 1 0E+05 

1 .36E+0B 

20 

1 . 830E+06 

1 . 17E+0B 

3.9BE+05 

1 . 18E+0B 

21 

1. 1 10E+06 

8. 40E+07 

4 . 34E+05 

B.45E+07 

22 

8 . 800E+03 

4. 16E+07 

3. 1 2E+05 

4.  19E+07 

23 

1 . 880E+05 

3.02E+07 

2.77E+05 

3 . 04E+07 

24 

1. 1 10E+05 

2. 30E+07 

2. 25E+05 

2.33E+07 

28 

B.250E+04 

1 .76E+07 

2.03E+03 

1 .7BE+07 

26 

2 . 4B0E+04 

1 .90E+07 

2.02E+05 

1 .92E+07 

27 

2.  190E+04 

1 .75E+07 

2.09E+05 

I  . 77E+07 

28 

1 -030E+04 

1 .B8E+07 

2. 17E+05 

1 .61E+07 

29 

3 . 350E+03 

1 .49E+07 

2.24E+05 

1 .52E*07 

80 

1 . 230E+03 

1.44E+07 

2. 32E+05 

1 .46E+07 

31 

8.B30E+02 

1.30E+07 

2. 37E+05 

1 .32E+07 

82 

1 . 0 10E+02 

1 .0BE+07 

2. 34E+05 

1  .  1  1E+07 

83 

2.900E+01 

8.52E+06 

2.23E+05 

B.  74E+06 

84 

1 . 070E+0 1 

8.63E+06 

2.01E+05 

5.85E+06 

88 

3.066E+00 

2.96E+06 

1 . 77E+05 

3.  13E+06 

86 

1  .  130E+00 

1 . 19E+06 

1 .83E+05 

1  35E*06 

87 

4. 140E-01 

4. 23E+04 

4.  10E+04 

B.35E+04 
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Table  11.6.2.  Ganna  Flux  per  Unit  Lethargy  per  Kilowatt. 


Dll  rUZ  FIELD  M  CMS  FROH  REACTOR 


GROUP 

ENERGY  ( EV) 

FRONT 

BACK 

TOTAL 

1 

1 . 400E+07 

6.31E+03 

8.53E+02 

6 . 66E+03 

2 

1 . 000E+07 

4. 42E+07 

0. 00E+00 

4.42E+07 

8 

8.000E+06 

I . 74E+08 

0.00E+00 

1 -74E+0B 

4 

7 . 000E+06 

I .22E+08 

4 . 02E+03 

1.22E+0B 

8 

6 . 000E+06 

1.B0E+08 

2.79E+03 

1 . 50E+08 

« 

8 . 000E+06 

2 . B1E+0B 

0.00E+00 

2. 8 IE"- 08 

7 

4.000E+06 

4 . 69E+0B 

0.00E+00 

4 . 69E+0B 

a 

8.000E+06 

7.49E+08 

0 . 00E+00 

7 . 49E+08 

9 

2.B00E+06 

1 . S9E+09 

1 .08E+06 

1 .89E+09 

14 

2 . 000E+06 

1 . 21E+09 

0.00E+00 

1 .2IE+09 

11 

1 . 580E+06 

1 .46E+09 

0. 00E+00 

1 .46E+09 

12 

1 . 000E+06 

1.B4E+09 

1 . 09E+04 

1 .54E+09 

13 

7. 000E+-03 

J . 89E+09 

7. 23E*03 

1.89E+09 

14 

4 . B00E+05 

1 .27E+09 

4.69E+03 

1.27E-09 

IB 

3 . 000E+05 

7. B6E+08 

1 . 27E+07 

7.6BE+08 

16 

1.800E+03 

4. 1 1E+08 

1.35E+07 

4 . 23E+08 

17 

I.000E+03 

1 . B8E+0B 

1 . 30E*07 

2.01E+0B 

18 

7.000E+04 

4.3SE+07 

9 . 45E+06 

8.30E+07 

19 

4 . 500E+04 

4 . 96E+06 

3.37E+06 

8. 54E*06 

M 

8 . 000E»04 

8. 26E+05 

8. 14E+03 

6 . 40E+03 

21 

2.000E+04 

1 .BlE+03 

1.81E+03 

S.02E+03 
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Figure  II. 6. 14.  Front  Gamma  Flux  vs 
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Figure  II. 6. 17.  Total  Neutron  Flux  vs  Energy  Free  Field  ER1  100  CMS  from  Reactor. 
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Figure  II. 6. 18.  Total  Gaimia  Flux  vs  Energy  Free  Field  ER1  100  CMS 


Table  1 1. 6. 3.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


ERl  FREE  FIELD  IN  CMS  FROM  REACTOR 


CROUP 

ERERCY  (EV) 

FROBT 

BACK 

1 

1 . 960E+07 

4.97E+03 

0 . 00E+00 

2 

I.090E+07 

2. 66E+04 

0. 00E+00 

3 

1 . 490E+07 

6 . 36E+04 

0.00E+00 

4 

1 . 420E+07 

7 . 9 1E+04 

0 . 00E+00 

5 

1 . 380E+07 

1 .74E+05 

0. 00E+00 

0 

1 . 2B0E+07 

2. 4 1E+05 

0.00E+00 

7 

1 . 220E+07 

4 . 93E+05 

0 . 00E+00 

8 

1. 110E+07 

9.33E+05 

0.00E+00 

9 

1 . 000E+07 

1 . 86E+06 

0 . 00E+00 

10 

9 . 050E+06 

8.97E+06 

0.00E+00 

1 1 

8. 190E+06 

4.91E+06 

0 . 00E+00 

12 

7 . 4 10E+06 

8. 1 3E+06 

7.06E+02 

13 

0. 380E+06 

1 . 48E+07 

3 . 20E+03 

14 

4 . 970E+06 

1 . B9E+07 

9. 47E+03 

IS 

4. 720E+06 

2. 22E+07 

3 . 23E+04 

10 

4 . 070E+06 

2.61E+07 

8. 03E+04 

17 

3.010E+06 

3.52E+07 

3.21E+03 

18 

2 . 390E+06 

3 . 97E+07 

2. 98E+05 

19 

2.310E+06 

3. 13E+07 

2.83E+05 

20 

1 .830E+06 

2.71E+07 

2.82E+05 

21 

1 . 1 10E+06 

1  93E+07 

3.23E+05 

22 

3 . 500E+05 

9 . 32E+06 

2.35E+05 

23 

1 . BB0E+03 

6 . 87E+06 

2 . 06E+05 

24 

1. 1 10E+05 

B.27E+06 

1 .72E+05 

23 

3 . 230E+04 

4.05E+06 

1  .B7E+05 

26 

2 . 480E+04 

4.48E+06 

1 .54E+03 

27 

2. 190E+04 

4.05E+06 

1 . 38E+05 

28 

1 . 030E+04 

3.69E+06 

1 .64E+05 

29 

3. 330E+03 

3 . B0E+06 

1.71E+03 

30 

1 . 230E+03 

3.38E+06 

1 . 79E+05 

31 

8 . 830E+02 

3 . 09E+06 

1.85E+05 

32 

1.010E+02 

2 . 38E+06 

1  . 87E+03 

33 

2. 900E+0 1 

2 . 09E+06 

1 . B5E+05 

34 

1.070E+0J 

1 .44E+06 

1 .74E+05 

S3 

3 . 060E+00 

7.49E+03 

1 . 60E+03 

30 

1.  130E+00 

3.B2E+03 

1 .48E*03 

37 

4. 140E-01 

324E-04 

4.03E+04 

TOTAL 


4.97E+03 
2 . 66E+04 
6.56E+04 
7.91E+04 
1 .74E+03 
2.41E+05 
4.93E+05 
9.53E+05 
1  .  B6F.+  06 
3. 07E+06 
4.9IE+06 
8.  1 3E+06 
I . 48Ef07 
1  89E+07 
2. 22E+07 
2 . 62E+07 
3.56E+07 
4.00E+07 
3. 1BE+07 
2.74E+07 
1  96E*07 
9 . 75E+06 
7.08E+06 
0 . 44E+06 
4.21E+06 
4.63E+06 
4 . 20E+06 
3.B3E+06 
3.67E+06 
3.36E+06 
3.27E+06 
2 . 77E+06 
2 . 27E+06 
1  61E+06 
9.29E+05 
S. 30E*05 
7.29E+04 


Table  1 1. 6. 4.  Gamma  Flux  per  Unit  Lethargy  per  Kilowatt. 


m  mu  ritLD  im  cms  rnon  reactor 


•ROUP 

EJnCRCY  (EY) 

1 

i.*«o£-rer 

2 

l-MeE-i-e? 

• 

B.040E+06 

4 

7.000E+06 

8 

6.*eeE*06 

6 

B.000E+06 

7 

4 . 000E+06 

8 

8 . 000E+06 

4 

2.300E+06 

!• 

2 . 000E+06 

1 1 

1 . B00E+06 

12 

1 . 000E+06 

13 

7.000E+03 

14 

4. 800E+03 

18 

8. 000E+03 

16 

1 . S00E+0S 

17 

1 .000E+03 

16 

7.800E+04 

19 

4 . S00E<-04 

ae 

8 . 000E+04 

21 

2 . 000E+04 

rnoirr 

BACK 

1.68E+03 

3.01E+02 

1 .33E+07 

0.00E+00 

4.07E+07 

•  •  00E+00 

2.B1E+07 

8.  57E+03 

3 . 48E+07 

1.75E+03 

6.61E+07 

•.09E+00 

1  .  1  1E+08 

•■00E+00 

1 .77E+0B 

0.00E+00 

3. 73E+3B 

1 .22E+06 

2 . B3E+6B 

• .  00E+00 

8.41E+0B 

• . 00E+00 

3.88E+0B 

3 . 67E+04 

4.24E+08 

8 . 95E+03 

2.B4E+08 

3. 12E+05 

1 . 69E+08 

1 .02E+07 

9.7BE+07 

1. 19E+07 

4.93E+07 

1 . 2  lE-*07 

1 .60E+07 

9 . 24E+06 

4. 22E+06 

8.54E+06 

2 . 68E+05 

3. I2E+05 

1 . 3BE+03 

I . 49E+03 

TOTAL 


1 .9BE+03 
1.05E*07 
4.07E+07 
2.81E+0? 
3. 4BE+07 
6.6IE*07 

1 .  1  1 E+08 
1  77E*08 
3.74E+08 
2 . 83  E«08 
3.41E*0B 
3. 8BE»08 
4.25E-4B 

2 .  84E»0B 
1 . 79E*08 
1. I»E-*B 
6. 14E+47 
2.32E»er 
7 . 76E+06 
5.79E-05 
2 .  B7E<-03 
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NEUTRON  ENERGY  f EV) 


Figure  II. 6. 20.  Front  Garnna  Flux  vs  Energy  Free  Field  ER1  200  CMS  from  Reactor. 
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NEUTRON  ENERGY  (EV) 


Figure  II. 6. 22.  Back  Ganna  Flux  vs  Energy  Free  Field 


Figure  II. 6. 23.  Total  Neutron  Flux  vs  Energy  Free  Field  ER1  200  CMS  from  Reactor. 


Table  II. 6. 5.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


ERl  FREE  FIELD  3M  CHS  FROH  REACTOR 


CROUP 

ERERCV  (EV) 

FRORT 

BACK 

1 

1.960E+07 

1.21E+03 

0.00E+00 

2 

1 . 690E+07 

6 . 46E+03 

0 . 00E-*  00 

3 

1 .490E+07 

1 .59E+04 

0 . 00E+0O 

4 

1 .420E+07 

1 .92E+04 

0.00E*00 

3 

1 .380E+07 

4.22E+04 

0 . 00E+00 

6 

1 .280E+07 

5.84E+04 

0.00E+00 

7 

1 . 220E+07 

1 .20E+05 

0 . 00E+00 

8 

1 . 1 10E+07 

2. 32E+03 

0. 00E+00 

9 

1 .000E+07 

4.51E+05 

0 . 00E+00 

10 

9 . 030E+06 

7.46E+05 

0 . 00E+00 

1 1 

8. 190E+06 

1 . 19E+06 

0 . 00E+00 

12 

7.410E+06 

1 .97E+06 

9 . B0E+02 

13 

6 . 380E+06 

3. 59E+06 

2. 31E+03 

14 

4 . 970E+06 

4. 39E+06 

7.54E+03 

15 

4 . 720E+06 

5.37E+06 

1 . 42E+04 

16 

4 . 070E+06 

6.31E+06 

3 . 52E+04 

17 

3.010E+06 

B.63E+06 

2.54E+05 

18 

2 . 390E+06 

9 . 68E+06 

2. 24E+05 

19 

2.310E+06 

7.66E+06 

2. 18E+ 05 

20 

1 . B39E+06 

6.3BE+06 

2. 22E+05 

21 

1 . 1 10E+06 

4 . 72E+06 

2.61E+05 

22 

5 . 300E+05 

2.36E+06 

1 .91E+05 

23 

1 .3B0E+03 

1 .72E+06 

1 .63E+05 

24 

1. 1 10E+03 

1.33E+06 

1.41E+05 

25 

8 . 250E+04 

1 . 04E+06 

1 . 29E+05 

26 

2.480E+04 

I. 12E*06 

1 .26E+05 

27 

2. 190E+04 

1 .04E+06 

1 . 28E+05 

28 

1 . 030E+04 

9 . 5BE+05 

1 .34E+05 

29 

3 . 350E+03 

9.38E*05 

1 . 41E+03 

30 

1 . 230E+03 

9. 13E*05 

1 . 48E+05 

31 

8 . B30E+02 

8.51E+05 

1 .35E+05 

32 

1 -0!0E*02 

7.2BE+05 

1 .60E+05 

33 

2.900E+01 

6.05E+05 

1 .60E+05 

34 

I.070E+0J 

4. 53E+05 

1 . 36E+05 

35 

3 . 060E+00 

2.96E+05 

1 . 5 1E+05 

36 

1 . 130E+00 

1 .94E+05 

1 . 44E+05 

37 

4. I40E-01 

3 . 38E+04 

3.94E+04 

TOTAL 


l  .2 IE+03 
6.46E+03 
1  .39E+04 
1 .92E»04 
4.22E+04 
5.B4E+04 
1 .20E+05 
2.32E+05 
4. 5 1E+05 
7.46E+05 
I  .  I9E+06 
1 .9BE+06 
3.60E+06 
4.60E+06 
5.3BE+06 
6 . 36E+06 
8. B8E+06 
9 . 90E+06 
7.B8E+06 
6 . 80E+06 
4.9BE+06 
2.53E+06 
1 .88E+06 
1 .47E*06 
1 . 17E+06 
1 .23E+06 
1 .  16E+06 
1 .09E+06 
I . 08E+06 
1.06E*06 
1 . 0 1 E+06 
B. 88E+05 
7.65E+05 
6. 1 1E+05 
4.47E+03 
3.3BE+05 
7.32E+04 
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Table  II. 6. 6.  Gamma  Flux  per  Unit  Lethargy  per  Kilowatt 


Dll  FREE  FIELD  DM  CK  TOOK  REACTOR 


snour 

DTERCT  <EV) 

FRoirr 

BACK 

i 

1 . 480E+87 

4 . 79E+82 

2 . 44E+02 

2 

1 . 800E+07 

2.37E+86 

8.80E+00 

8 

8.800E+06 

9.B6E+86 

8.80E+00 

4 

7. 880E+86 

4 . 78E+86 

1 . 49E+84 

8 

4 . 888E+86 

8. 48E+06 

1.83E+04 

4 

8 . 880E+84 

1 . 49E+07 

4.70E+03 

7 

4.800E+04 

2.78E+07 

8.80E+00 

8 

3.®eeE+«, 

4.31E+07 

8. 00E+00 

9 

2. 580E+06 

9.8BE+07 

1 . 4 1 E+06 

18 

2.880E+86 

4.93E+07 

8.80E+00 

11 

1 . 380E+86 

8. 26E+07 

1 . 34E+04 

12 

1.800E+06 

8.64E+07 

1 . 20E+05 

13 

7 . 800E+85 

1 . 00E+08 

8. 19E+05 

14 

4 . 300E+83 

4.71E+07 

3. 22E+03 

18 

3 . 000E+05 

4.61E+07 

8. 94E+86 

14 

1 . S00E+83 

8. 18E*07 

1. 11E+87 

17 

1.800E+03 

I.97E+07 

1 . 16E+07 

18 

7 . 000E+04 

1 . 8BE+87 

9.87E+06 

19 

4 . 300E+04 

3.49E+06 

8 . 82E+86 

24 

3 . ®00E*04 

2. 92E+03 

8 . 88E+03 

21 

2.888E+84 

1 . B2E+83 

1 . 42E+83 

TOTAL 


9. 14E+82 
2.S7E+86 
9.86E+86 
4.79E+86 
8.41E+06 
1.60E+87 
2.7®E-t-®7 
4.31E+07 
9.22E+07 
4.93E+07 
8. 26E+07 
8. 65E+07 
1.01E+88 
6 . 74E+97 
5 . S 1E*07 
4.26E*®7 
3. 13E+87 
1 . 99E+07 
7.2IE+06 
6.eiE+es 
2.94E+03 
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Figure  1 1. 6. 25.  Front  Neutron  Flux  vs  Energy  Free  Field  ER1  300  CMS  from  Reactor. 


Figure  II. 6. 27.  Back  Neutron  Flux  vs  Energy  Free  Field  ER1  300  CMS  from  Reactor. 
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Figure  II. 6. 30.  Total  Gamna  Flux  vs  Energy  Free  Field  ER1  300  CMS  from  Reactor. 


Table  II. 6. 7.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


ER1  FREE  FIELD  8M  CHS  FROM  REACTOR 


choof 

E1TERCY  <EV> 

front 

BACK 

i 

1.960E+07 

8.29E+02 

0.00E+00 

2 

1 . 690E+07 

2.B3E+03 

3.00E+00 

3 

1 .490E+07 

6 . 98E+03 

1 . 85E-01 

4 

1 .420E+07 

B. 42E+03 

8. 14E-01 

5 

1 . 3B0E+07 

1 . B3E+04 

1 .38E+00 

6 

1 . 280E+07 

2.56E+04 

3.41E+00 

7 

1 . 220E+07 

5 . 25E+04 

9 . 26E+00 

S 

1 .  1 10E+07 

1 .02E+05 

4.72E+01 

9 

1 .O00E+07 

1 .9BE+05 

1.47E+02 

10 

9 . 050E+06 

3.27E+05 

3.63E+02 

11 

B. 190E+06 

3 . 22E+03 

3.96E+02 

12 

7.410E+06 

8.69E+05 

1.99E+03 

13 

6 . 380E+06 

1 . 38E+06 

7.77E+03 

14 

4.970E+06 

2.03E+06 

1.07E+04 

13 

4 . 720E+06 

2.3BE+36 

2 . 36E+04 

16 

4 . 070E+06 

2.81E+06 

8.94E+04 

17 

3.010E+06 

3 . 90E+06 

2.33E+05 

IB 

2.390E+06 

4.35E+06 

2.04E+03 

19 

2.310E+06 

3.47E+06 

2.02E+05 

20 

1 .830E+06 

3 . 00E+06 

2.04E+05 

21 

1  .  1 10E+06 

2. I9E+06 

2.36E+05 

22 

3 . 300F.+05 

1 .  1 1E+06 

1 .72E+05 

23 

1 . 3B0E+05 

8.24E+05 

1 .49E+05 

24 

1 .  1  10E+03 

6 . 44E+05 

1 . 2BE+05 

23 

3 . 230E+04 

5. 1 1E+05 

1 . 1BE+05 

26 

2.480E+04 

8.47E+05 

1 .  I6E+05 

27 

2.  190E+04 

8. I2E+05 

1 . 17E+05 

28 

1 . 030E+04 

4. B1E+85 

1 .23E+05 

29 

3 . 330E+03 

4. 65E+05 

1 .30E+05 

30 

1 . 230E+03 

4.60E+03 

I . 36E+05 

31 

8 . B30E*02 

4.39E+05 

1.44E+05 

32 

1 . 010E+02 

4. 15E+05 

1.50E+05 

33 

2.900E+01 

3.59E+03 

1 .S3E+05 

34 

1 .070E*01 

2.90E+05 

1.51E+05 

33 

3 . 060E+00 

2.30E+03 

1.49E+05 

36 

1. 130E+00 

1 ,80E*03 

1 . 44E+05 

87 

4. 140E-01 

3 . B3E+04 

S.6BE+04 

TOTAL 


5 . 29E+02 
2.B3E*03 
6 . 98E+03 
8  42E*03 
I . B5E+04 
2.36E+04 
8.25E+04 
1 . 02E*05 
1 . 9BE+05 
3.28E+05 
5.23E+05 
8.70E+05 
1 . 89E*06 
2.04E+06 
2.40E+06 
2. 87E+06 
4. 14E+06 
4.36E+06 
3.67E+06 
3.20E+06 
2.43E+06 
1.29E+06 
9.73E+05 
7.72E+05 
6.29E+05 
6.63E+05 
6.29E+05 
6.04E+85 
5.95E+05 
S.96E+05 
5.B3E+05 
B.66E+05 
3. 12E+05 
4.41E+05 
3.79E+05 
3. 23E+05 
7.33E+04 
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Table  II. 6. 8. 


Gamma  Flux  per  Unit  Lethargy  per  Kilowatt. 


Dll  FREE  FIELD  IN  CHS  FROR  REACTOR 


«*OOP  ERERCT  ( EV) 


FRoirr  back 


TOTAL 


2 

8 


18 

11 

12 

13 

14 

15 

16 
IT 
18 
14 
28 
21 


I . 440E+87 

i .  W0E+07 

8.»eeE4-»6 

7.«ee£f86 

6.»#eE+e6 

s.*eeE+e6 

4.8eeE*»6 

3.800E+06 

2.500E+06 

2.000E+06 

1 . B80E+06 

1.800E+06 

7.000E+03 

4. 300E»05 

S.800E+03 

i .seeE+es 

1 . 000E+05 

7 . 860E+04 

4. S00E+04 

3.000E+04 

2.080E+04 


8 . 4#E+02 

1 • 13E+06 
4. 33E+06 
2 . 49E+06 
3.78E+86 
7 . 05E+06 
1-  I9E+0? 
1 -89E+07 
4.84E+8? 
8. 04E+-07 
S.62E+87 
3 . 80E+07 
4.42E+87 
2»aE*07 
2. 48E+07 
1 . 4SE+07 
I.63E+87 
1 ■ 80E»07 
3 . S4E+06 
8.20E+05 
1 .63E+03 


1.93E+82 
8.00E+00 
• . 00E+00 
2 . 90E+04 
2 . 84E+04 
1.05E*04 
2. 33E+03 
3.61E+03 
1.72E+06 
3. 04E+04 
9 . 92E+84 
2.37E+05 
4.S0E+85 
4. 38E+03 
8.  67E+06 
I -88E+07 
I.  15E+07 
9.03E+06 
3.B1E+06 
8.04E*05 
1 . 32E+03 


7.33E+82 
1. 13E*06 
4.33E+06 
3.02E+06 
3. 72E+06 
7.46E+06 
1. 19E+07 
1.89E+07 
4.26E+07 
3.04E+07 
3. 63E+07 
3.83E+07 
4. 47E+07 
3.03E+07 
3. 35E+07 
3 • 04E*07 
2 . 7BE*07 
l.90E»07 
7. 0SE+06 
6 . 24E+05 
2.93E+03 
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Figure  II. 6. 32.  Front  Ganna  Flux  vs  Energy  Free  Field  ER1  400  CMS  from  Reactor. 
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Figure  II. 6. 35.  Total  Neutron  Flux  vs  Energy  Free  Field  ER1  400  CMS  from  Reactor. 


Figure  II. 6. 36.  Total  Ganna  Flux  vs  Energy  Free  Field  ERI  400  CMS  from  Reactor. 


Table  II. 6. 9.  Neutron  Flux  Per  Unit  Lethargy  per  Kilowatt. 


ERl  FREE  FIELD  4M  C*  FROM  REACTOR 


CROUP 

EMERCY  <EV) 

PROMT 

BACK 

1 

1 . 960E+07 

2 . 95E+02 

1 . 33E+00 

2 

1 . 690E+07 

1  3BE+03 

8. 02E+0® 

3 

1 . 490E+07 

3.89E+03 

2. 12E+01 

4 

1 . 420E+07 

4.69E+03 

2. 46E+01 

3 

1 . 380E+07 

1  03E+04 

3 . 37E+0 l 

6 

1 . 280E+07 

1 .43E+04 

7.B3E+01 

7 

1 . 220E+07 

2. 93E+04 

1 . 62E+02 

8 

1 . 1 10E+07 

8.67E+04 

3.27E+02 

9 

1 .000E+07 

1 .  1 1E+05 

4.72E+02 

10 

9 . 050E+06 

1 .B4E+05 

1.02E+03 

1  I 

8. 190E+06 

2.93E+05 

1 . 84E+03 

12 

7.410E+06 

4.86E+03 

4.09E+03 

13 

6 . 380E+06 

8.91 E+05 

1.33E+04 

14 

4 . 970E+06 

1. 1 3E+06 

2.31E+04 

13 

4 . 720E+06 

1.33E+06 

3.78E+04 

16 

4 . 079E+06 

1 .60E+O6 

7 . 03E+04 

17 

3.010E+06 

2 . 29E+06 

2. 27E+05 

18 

2 . 390E+06 

2.34E+06 

1 . 99E+05 

19 

2.310E+06 

2. 03E+06 

1 .97E+05 

20 

1 . 830E+06 

1 . 78E+06 

1 .97E+05 

21 

1 . 1 10E+06 

1 . 34E-06 

2.22E+05 

22 

5 . 300E+03 

7 . 04E*05 

1 .62E+05 

23 

1 .380E+03 

5.33E+05 

1 .41E+05 

24 

1. 1 10E+03 

4.20E+03 

1 .22E+05 

23 

5 . 2S0E+04 

3.41E+05 

1 . 13E+0S 

26 

2 . 480E+04 

3 . 39E+05 

1 . 12E+05 

27 

2.  190E+04 

3.40E+05 

1 . 12E+03 

28 

1 .030E+04 

3.26E+05 

1 . 18E+05 

29 

3 . 330E+03 

3 . 22E+05 

1.25E+03 

90 

1 . 230E+03 

3 . 22E+05 

1 . 32E+05 

81 

5 . B30E+02 

3. 13E+05 

1 .40Et-05 

82 

1 .010E+02 

2 . 82E+05 

I.47E+05 

83 

2.900E+0I 

2.60E+03 

I.30E+05 

84 

1.070E+01 

2.24E+03 

1 . 30E+03 

83 

3.860E*0® 

1 . 80E+03 

1 . 48E+03 

86 

1. I30E+00 

1 . 33E+03 

1 . 44E+03 

87 

4. I40E-01 

8 . 08E+04 

8 . 30E+04 

TOTAL 


2 . 97E+02 
1 .59E+03 
3 . 92E+03 
4 . 72E+03 
l . @4E->-@4 
I  . 44E+04 
2.95E--04 
5.71E+04 
1  .  12E*05 
1  B3E+05 
2.95E+05 
4 . 9 1E+05 
9 . 05E+05 
I . 1BE*06 
l  .  3BE+06 
1 . 67E+06 
2.32E+06 
2.74E+06 
2.24E+06 
I . 98E+06 
1 .56E+06 
8.  66E+05 
6 . 74E+05 
S . 42E+03 
4 . 54E+05 
4.71E+05 
4.33E+03 
4 . 44E*0S 
4.47E+05 
4 . 54E+05 
4.33E+05 
4. 28E+05 
4. 10E*03 
3 . 74E+05 
3 . 2BE+03 
2.99E+05 
6.37E+04 


210 


Table  II. 6. 10.  Gamma  Flux  per  Unit  Lethargy  per  Kilowatt 


■Rl  rNZ  FIELD  4N  CMS  FRDH  REACTOR 


CROUP 

EKERCT  <ED 

FROKT 

BACK 

1 

1.400E+07 

4. 19E+02 

1 . 39E+02 

2 

1 . 000E+07 

6 . 32E+05 

4. 4 1E+02 

S 

8. 000E+06 

2. 42E+06 

2. 13E+03 

4 

7.000E+06 

I . 70E+06 

4.84E+04 

8 

6 . 000E*06 

2. 10E+06 

3.96E+04 

0 

8 . 000E+06 

8. 96E+06 

8. 10E+04 

7 

4 . 000E+06 

6 . 62E+06 

1.77E+04 

8 

3.000E+06 

1.06E+07 

8.06E+04 

9 

2. 800E+06 

2.38E+07 

2.08E+06 

10 

2 . 000E+06 

1.7IE+07 

I.25E+03 

11 

1 .800E+06 

2.04E+07 

2.41E+05 

12 

1 . 000E+06 

2. 14E+07 

8.49E+05 

13 

7 . 000E+05 

2.47E+07 

S.97E+05 

14 

4.500E+03 

1.72E+07 

6.93E+03 

18 

3.000E+05 

1 . 82E+07 

8. 69E+06 

16 

1.800E+05 

1 . 60E+07 

1 . 0BE+07 

17 

1 .000E+03 

1 . 33E+07 

1. 13E+07 

18 

7. 000E+04 

9.49E+06 

B. 99E+06 

19 

4. S00E+04 

8 . 85E+06 

8.49E+06 

80 

3. 000E+04 

2.91E+03 

2.96E+03 

81 

2.000E+04 

1.B0E+03 

1.  16E+03 

TOTAL 


8 . SBE+02 
6 . 33E+03 
2.42E+06 
1.74E+06 
2. 14E+06 
8.99E+06 
4 . 64E+06 
1.06E«-07 
2. S9E+07 
I . 72E*07 
2.06E*07 
2. 17E+07 
2.81E+07 
1.79E+07 
2.69E+07 
2. 68E+07 
2.49E+07 
1 . 85E+07 
7.04E+06 
S.87E+05 
2.66E+03 
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Figure  1 1. 6. 38.  Front  Gamma  Flux  vs  Energy  Free  Field  ER1  500  CMS  from  Reactor. 
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Figure  II. 6. 41.  Total  Neutron  Flux  vs  Energy  Free  Field  ER1  500  CMS  from  Reactor. 
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Figure  II. 6. 42.  Total  Ganna  Flux  vs  Energy  Free  Field  ER1  500  CMS  from  Reactor. 


Table  II. 6. 11.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


cri  free  r  i eld  in  c*  non  reactor 


CROUP 

HTERCY  <EV> 

FRO  ITT 

BACK 

TOTAL 

1 

1 . 960E+07 

1.90E+02 

4.51E+00 

1.95E+02 

2 

1.690E+07 

1.02E+03 

2.29E+01 

1.04E+03 

3 

1 . 490E+07 

2.51E+03 

5 . 76E+0 1 

2.56E+03 

4 

1 . 420E+07 

3 . 02E+03 

6 . 39E+01 

3.08E+03 

S 

1.380E+07 

6.63E+03 

1 .48E+02 

6.7BE+03 

6 

1.280E+07 

9.20E+03 

2.06E+02 

9.41E+03 

7 

1 .220E+07 

1.89E+04 

4 . 20E+02 

1.93E+04 

8 

1. 110E+07 

3.66E+04 

7.5BE+02 

3.73E+04 

9 

1 .000E+07 

7. 15E+04 

1 . 42E+03 

7.29E+04 

le 

9.050E+06 

1 . 19E+05 

2.B8E+03 

1 .22E+05 

1 1 

8. 190E+06 

1 .90E+05 

3.37E+03 

1 .95E+03 

12 

7.410E+06 

3. 17E+05 

9 . 35E+03 

3 . 27E*05 

13 

6 . 380E+06 

5 . 88E+05 

2.38E+04 

6. 14E+03 

14 

4 . 970E+06 

7.64E+05 

4 . 47E+04 

8.09E+03 

15 

4.720E+06 

8. 90E+05 

5 . 38E+04 

9.46E+05 

16 

4 . 070E+06 

1 .06E+06 

B.56E+04 

1. 15E+06 

17 

3. 0 10E+06 

1 .53E+06 

2.22E+05 

1.73E+06 

IB 

2 . 390E+06 

1 . 6BE+06 

1 .99E+05 

1 . B8E+06 

19 

2.310E+06 

1 .36E+06 

1 .95E+05 

1 .56E+06 

29 

1 . B30E+06 

1 . 19E+06 

1.95E+05 

1 .39E+06 

21 

1 .  1  10E+06 

9. I2E+05 

2. 13E+05 

1 . 12E*06 

22 

8 . 300E+05 

4.95E+05 

1 .55E+05 

6.50E+05 

23 

1 . 580E+05 

3.B1E+05 

1.37E+05 

3. 1BE+05 

24 

1 . 1 10E+05 

3.05E+05 

1.  19E+05 

4.23E+05 

23 

5 . 250E+04 

2. 32E+05 

1  .  10E+05 

3.62E+05 

26 

2.480E+04 

2.64E+03 

1 . 10E+05 

3.74E+05 

27 

2.  190E+04 

2.52E+05 

1 . 10E+05 

3.63E+05 

28 

1 -030E+04 

2.45E+05 

1. 16E+05 

3.61E+05 

29 

3. 330E+03 

2.45E+03 

I.23E+05 

3 . 68E+05 

39 

1 . 230E+03 

2.48E+03 

1 .30E+03 

3.7BE+05 

31 

3 . B30E+02 

2.46E+05 

1 .38E+05 

3.84E+05 

32 

1.010E+02 

2.45E+05 

1 .46E+05 

3.90E+05 

33 

2 . 900E+0 1 

2.26E+05 

1 .49E+05 

3.75E+03 

34 

1 . 070E+0 1 

2.01E+05 

1.50E+05 

3. 3 1E*05 

85 

3 . 060E+00 

1 .B0E+05 

I.49E+05 

3 . 29E*05 

•6 

I. 130E+00 

1 .6IE+03 

1 . 46E+05 

3 . 07E+05 

•7 

4. I40E-01 

2.79E+04 

2.71E+04 

5.49E+04 
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Table  II. 6. 12.  Gairnia  Flux  per  Unit  Lethargy  per  Kilowatt 


Dll  nm  FIELD  IN  CHS  PROH  REACTOR 


CROUP 

ERERCY  <EV) 

FRorr 

BACK 

1 

1.460E+87 

3 . 92E+02 

8. 40E+0 1 

2 

1 . 000E+07 

4.03E+05 

1.46E+03 

3 

B. 800E+06 

1 . 84E+06 

6.73E+03 

4 

7 . 000E+06 

1 . 12E+06 

6 . 76E+04 

S 

6 . 000E+06 

1 .3BE+06 

7.00E+04 

« 

B . 000E+06 

2 .  B8E*06 

8.  30E+04 

7 

4 . 000E+06 

4.28E+06 

8. 30E+04 

8 

3 . 000E+06 

6 . B3E+06 

1.40E+05 

9 

2 . 560E+06 

1.64E+07 

2.53E+06 

18 

2 . 000E+06 

1. 11E+07 

4. 18E+05 

11 

1 . 800E+06 

1 . S4E+07 

8.66E+05 

12 

1 . 000E+06 

1 . 39E+07 

4.63E+05 

13 

7.000E+03 

1 . B9E+07 

3.66E+05 

14 

4. B00E+03 

1. 17E+07 

1. 1 1E+06 

IB 

3 . 000E+05 

1 . 47E+07 

8. 92E+06 

16 

1 . 800E+05 

1.41E+07 

1.09E+07 

17 

1 . 800E+05 

1 . 36E+07 

1.  16E+07 

18 

7 . 000E+04 

9 . 33E+06 

8.92E+86 

19 

4. 500E+84 

3.48E+06 

8.45E+06 

28 

3 . 000E+04 

2.96E+03 

2. 82 E* 03 

21 

2.940E+04 

1 . 47E+03 

9. 26E+02 

TOTAL 


4.76E+02 
4.05E+05 
l.S3E+0<> 
1. 19E+66 
1 . 43E+06 
2.67E*0«> 
4 . 36E+06 
6.97E+06 
l.B9E«-07 
I. 13E+07 
1 . 40E+07 
1 .43E*07 
1.63E+07 
1.2BE+07 
2.36E*07 
2.81E+07 
2. 5 1E+07 
I.83E+07 
6.93E*86 
B.79E<-05 
2.40E+03 
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Table  1 1. 6. 13.  Front  Response  as  a  Function  of  Distance  In  ER1. 


Neutron  Flux  >1  MeV 

(n/crtr-s/kW)  2.20+8  5.13+7  1.25+7  5.62+6  3.28+6  2.18+6 


Table  II. 6. 14.  Back  Response  as  a  Function  of  Distance  In  ER1. 


I 
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Figure  II. 6. 44.  Front  Gamma  Flux  vs  Energy  Free  Field  ER2  50  cms  from  Reactor. 
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Table  II. 6. 16.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


bb  run  field  m  cm  non  beactor 


cnoc? 

BTEACT  (IT) 

n»rr 

BACK 

TOTAL 

i 

1 . 948E+87 

1.99E+44 

8.99E+94 

1 . 95E+84 

2 

1.498E+87 

1 , 44E+45 

8.88E+80 

1 . 84E+85 

S 

1 . 498E+87 

2. 34E+85 

9.88E+88 

2.36E+83 

4 

1 . 428E+87 

3.88E+85 

8 . 88E+84 

3 . 88E+85 

S 

1 . 384E+97 

4.78E+83 

8 . 88E+84 

4.79E+83 

4 

1 . 280E+87 

9.34E+83 

8.88E+84 

9 . 34E+83 

7 

1 . 228E+8? 

1 . 9 1E+86 

8. 88E+84 

1 .9 1E+84 

8 

1. II8E+87 

8.78E+86 

8.84E+84 

3.78E+86 

9 

1.888E+87 

7. 1BE+86 

8.88E+84 

7. 18E+86 

19 

9.834E+86 

1. 1BE+87 

8.88E+88 

1 . 18E+87 

11 

8. 198E+86 

1 . 09E+87 

8. 88E+84 

1.89E+87 

12 

7 . 4 18E+86 

8. 11E+87 

2.89E+82 

3. 1 lE»87 

18 

4 . 384E+46 

9.65E+87 

4.27E+83 

9.43E+87 

14 

4.978E+04 

7. 19Ef87 

1 . 92E+84 

7. 19E+87 

19 

4.728E+84 

8. 39E+87 

9 . 83E+44 

8.  39E+87 

14 

4.978E+84 

9.73E+87 

1 . 93E+85 

9 . 77E+87 

17 

8.818E+84 

1 . 32E+88 

4. 11E+83 

1 . 32E+98 

18 

2.398E+86 

1 . 58E+88 

9.71E+83 

1 . 98E+9B 

19 

2.318E+86 

1 . 17E+4B 

8. 36E+85 

1 .  17E+8B 

24 

1 . B30E+06 

9 . 98E+87 

9 . 28E+85 

1 .84E+8B 

21 

1 . 1 18E+86 

7.84E+47 

9.98E+83 

7. 18E*87 

22 

9 . 984E+83 

3.46E+87 

4. 32E+85 

3.9 1E+97 

23 

1 . 984E+83 

2.49E+47 

3.78E+85 

2.93E+87 

24 

1 . 1 18E+85 

1 . 92E+87 

3. 14E+85 

1.93E+87 

29 

9 . 238E+84 

I.4BE+87 

2.87E+83 

1 .91E+87 

24 

2. 488E+84 

1 . 48E+87 

2. 81E+85 

I.43E+8? 

27 

2.  198E+84 

1.44E+87 

2. B9E+85 

1 . 49E+87 

28 

1.834E*44 

I.S4E+87 

3.8IE+8S 

1 . 37E*87 

29 

3.358E+83 

1.S8E+87 

3. 13E+85 

1.83E+87 

34 

1.234E*03 

1 .29E+87 

3.32E+85 

1 .32E+87 

81 

9 . B30E+82 

1 .27E+87 

3.93E+83 

1.31E*87 

82 

1.818E+82 

1 . 27E+87 

3.74E+85 

1.31E+87 

S3 

2. 984E+81 

1.27E+87 

3.86E+83 

1 .38E+87 

84 

1 . 878E+81 

1 .23E+87 

3. 94E+83 

1.29E+87 

89 

S.840E+88 

1.25E+87 

4.83E+83 

1.29E*87 

84 

1 . 139E+84 

1 . 22E+87 

4.88E-83 

1 .24E+87 

87 

4. 144E-41 

1. 1BE+87 

2.27E+83 

1 . 21E+87 

y 
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Table  1 1. 6. 17.  Gamma  Flux  per  Unit  Lethargy  per  Kilowatt. 


ER2  rUE  FIELD  8*  CHB  FROM  REACTOR 


CROUP 

ENERGY  (EV) 

FRONT 

BACK 

1 

I . 400E+07 

1 . 30E+04 

4. 27E+03 

2 

1 .000E+07 

4.26E+07 

0 . 00E+00 

3 

8. 000E+06 

1 . 66E+08 

0.00E+00 

4 

7. 000 E+ 06 

1.01E+08 

1 . 13E+05 

5 

6 . 000E+06 

1 . 28E+08 

1. 17E+05 

6 

5 . 000E+06 

2.60E+0B 

1 . 22E+03 

7 

4 . 000E+06 

4 . 40E+08 

0.00E+00 

B 

3 . 000E+06 

7.03E+08 

0 . 00E+00 

0 

2.  300E+06 

1.34E+09 

2.B3E+06 

10 

2. 000E+06 

1 . 14E+09 

0.00E+00 

1 1 

1 .300E+06 

1 . 33E+09 

0.00E+00 

12 

1 . 000E+06 

1 . 39E+09 

4. 1 3E+05 

13 

7. 000E+05 

1 . 30E+09 

1.39E+06 

14 

4.300E+03 

1. 12E+09 

6 . 02E+05 

IS 

3 . 000E+05 

6 . 33E+0B 

2.02E+07 

16 

1 . 500E+03 

3 . 82E+0B 

2.  29E+07 

17 

1 . 000E+03 

2. I 0E+0B 

2.34E+07 

18 

7.000E+04 

6 . 39E+07 

1.80E+07 

19 

4 . 500E+04 

4 . 43E+06 

6 . 89E+06 

»9 

„  3 . 000E+04 

• . 40E+03 

6.03E+03 

21 

2.000E+04 

2.31E+03 

2 . B7E+03 

TOTAL 


1 .73E+04 
4 . 26E+07 
1 .66E+08 
i . eiE+ee 
1 . 2BE+08 
2.60E+08 
4.40E+08 
7.03E+08 
1 .54E+09 
I . 14E»09 
1 .33E+09 
1 .39E+09 
1 . 50E+09 
I . I2E+09 
6.53E+08 
4.05E+08 
2.33E+08 
8.38E+07 
1.63E+07 
1  .  I4E+06 
4 . B8E+03 
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Front  (1-D)  Neutron  Flux  vs  Energy  Free  Field  ER2  100  cms 
from  Reactor. 


Back  (1-D)  Neutron  Flux  vs  Energy  Free  Field  ER2  100  cms 
from  Reactor. 


Figure  II. 6. 52.  Back  Ganna  Flux  vs  Energy  Free  Field  ER2  100  cms  from  Reactor. 
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(Front+Back,  1-D)  Neutron  Flux  vs  Energy  Free  Field  ER 2 
s  from  Reactor. 
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Table  II. 6. 18.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt 


bu  ran  field  in  cm  non  reactor 


CROUP 


1 

2 


1* 

11 

12 

IS 

14 

15 

1« 

17 

18 
14 


•7 


ERERCY  (EV) 

raoirr 

1.968E+87 

4.68E+03 

1 .498E+87 

2.B0E+04 

1 . 498E+87 

6. 18E+04 

1 . 42®E*97 

7.41E+84 

1 . 380E+67 

1.62E+05 

1.284E+8? 

2.23E+03 

1 . 228E+87 

4.S9E+05 

1. 114E+97 

B.B8E+03 

l.34eE*87 

1 . 73E+86 

9.03OE+46 

2.B4E+96 

8. I99E+96 

4. B3E+06 

7.414E+44 

7.49E+86 

6.360E+96 

1 . S6E+07 

4.974E+46 

1 . 72E+87 

4. 724E+84 

2.01E+07 

4.874E+86 

2.32E+87 

8.814E+06 

8. 17E487 

2. 390E+96 

3.60E+07 

2. 310E+06 

2 . B0E+87 

1 . B30E+06 

2.38E+0? 

1 . 1 10E+06 

1 . 4BE+87 

B.500E+05 

B. 19E+86 

1 . B84E+05 

I.B9E+86 

1 . 1 14E+03 

4.B3E+96 

B. 280E+04 

S.84E+06 

2.480E+04 

8. B0E+06 

2.  190E+84 

3.49E*06 

I.830E+04 

3.23E+06 

8.3S0E+03 

8. 14E+06 

1 . 230E»03 

8. 13E+86 

8.B30E+02 

8. 10E+06 

1 .  810E+82 

8. 11E+46 

2.900E*01 

8. 12E+96 

1 . 070E+0 1 

3 . 09E+06 

S.848E+80 

8 . 09E+96 

1. I30E*80 

8.04E+06 

4. 148E-8I 

8.79E+86 

BACK 

TOTAL 

8 . 88E+8# 

4. 6BE+03 

8.80E+00 

2. 80E+44 

8. 80E+00 

6. ISE+44 

8. 80E+00 

7.4IE+84 

8. 40E+00 

1 . 62E+-05 

8.00E+00 

2.2SE+83 

8.00E+00 

4. 89E+03 

8.00E+00 

8.88E+0S 

0.00E+00 

1.73E*86 

8. 00E+00 

2.84E+06 

8.00E+00 

4. S3E+06 

1 . 86E+02 

7.49E+86 

1 . 47E+83 

1 . 36E+47 

9.83E+03 

1.73E+87 

2.47E+04 

2.81E+87 

9. S4E+44 

2.33E+87 

4.73E+05 

8.21E+07 

4. 17E+85 

3.64E+07 

4.04E+05 

2.84E+07 

4.08E+05 

2. 43E+07 

4. 80E+0S 

1.73E+07 

3. 4BE+05 

B.54E+06 

S.00E+0S 

6. 19E+86 

2. S5E+05 

4.B1E+46 

2.33E+03 

3.77E+84 

2. 29E+45 

4 . 82E+86 

2. 3 1E+93 

3.72E+06 

2. 42E+05 

S.47E+06 

2. S5E+05 

3 . 39E+06 

2. 69E*05 

3 . 40E+06 

2.88E+03 

3.39E+04 

8.86E+05 

3. 42E+06 

8. 18E+45 

S.43E+46 

3.2BE+03 

3.42E*86 

3.37E+8S 

3.43E+06 

8.42E+03 

3 . 38E+06 

1 . 89E+03 

2. 95E*84 
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Table  II. 6. 19.  Gaima  Flux  per  Unit  Lethargy  per  Kilowatt. 


EK2  FUZE  FIELD  IN  CIS  FROM  REACTOR 


CROUP 

ENERGY  (EV) 

FRONT 

BACK 

1 

1 . 400E+07 

6 . 62E+03 

2. 17E+03 

2 

1 . 000E+07 

1 .03E+07 

0.00E+00 

3 

8. 900E+06 

3.98E+07 

0.00E+00 

4 

7.000E+06 

2.44E+07 

1. 19E+05 

3 

6.000E+06 

3.0BE+07 

1 .08E+03 

6 

8 . 000E+06 

6 . 26E+07 

B.84E+03 

7 

4.000E+06 

1.06E+08 

0 . 00E+00 

8 

3.000E+06 

1.69E+08 

0.00E+00 

9 

2 . 500E+06 

3. 6BE+0B 

2.78E+06 

10 

2.000E+06 

2.74E+08 

0.00E+00 

u 

1 . 300E+06 

3. 1BE+08 

0 . 00E+00 

12 

1 . 000E+06 

3.33E+08 

8 . 38E+05 

13 

7 . 000E+05 

3.33E+0B 

1.22E+06 

14 

4 . 300E+03 

2.60E+08 

8.42E+0S 

13 

3. 000E+05 

I . 55E+08 

I.76E+07 

16 

1 . 500E+05 

1 . 03E+0B 

2. 13E+07 

17 

1 .000E+05 

6.48E+07 

2.24E+07 

18 

7 . 000E+04 

2.9 1E+07 

1 .76E+07 

19 

4 . 500E+04 

7.41E+06 

6.82E+06 

29 

8 . 000E+04 

8 . 93E+05 

8 . 98E+05 

21 

2.000E+04 

2 . 6BE+03 

2.32E+03 

TOTAL 


B.79E+03 
1 .03E+07 
3.9BE+07 
2 . 45E+07 
3.09E+07 
6 . 26E+07 
1 . 06E+08 
1.69E+08 
3.71E+08 
2.74E+08 
3. 1BE+0B 
3.33E+0B 
3 . 57E»08 
2.61E+06 
1 . 72E+08 
1.24E+08 
B.72E*07 
4.66E*07 
1.42E+07 
l . 19E+06 
8 . 20E+03 
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Front  (1-D)  Neutron  Flux  vs  Energy  Free  Field  ER2  200  cms 
from  Reactor. 


Figure  11.6.56.  Front  Gamma  Flux  vs  Energy  Free  Field  ER2  200  cms  from  Reactor 
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Figure  II. 6. 58.  Back  Ganma  Flux  vs  Energy  Free  Field  ER2  200  cms  from  Reactor. 
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Figure  II. 6. 59.  Total  (Frcnt+Back,  1-D)  Neutron  Flux  vs  Energy  Free  Field 
ER2  200  cms  from  Reactor. 


Figure  II. 6. 60.  Total  (Front+Back)  Gamma  Flux  vs  Energy  Free  Field  ER2  200  cms 
from  Reactor. 


Table  II. 6. 20.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt. 


KK2  Fin  FIELD  DM  CHS  mOH  REACTOR 


CHOU? 

EHERCY  <EV) 

FROITT 

BACK 

TOTAL 

1 

1.964E+47 

1 . 16E+03 

4 . 00E+00 

1 . 16E+4S 

2 

1.699E+97 

4.  16E+93 

4. 00E+00 

6. 16E+93 

9 

1.490E+47 

1 . 82E+94 

4. 00E+90 

1 . 82E+94 

4 

1 . 420E+07 

1 . B3E+04 

4.00E+90 

1 . B3E+04 

8 

1 . 380E+07 

4.00E+04 

4.40E+90 

4.40E+04 

4 

1 . 280E+07 

8 . 65E+04 

4.00E+00 

B.S3E+94 

7 

1.220E+07 

1. 13E+05 

4. 40E+00 

1. 13E+03 

a 

1 . 1 10E+07 

2. 19E+03 

1.84E+91 

2. 19E+93 

9 

1 . 900E+97 

4 . 26E+03 

2.86E+82 

4.27E+93 

14 

9.439E+46 

7.01E+43 

8.84E+01 

7.41E+05 

11 

8. 190E+46 

1. 12E+06 

4.00E+00 

1 . 12E+06 

12 

7.410E+04 

1 . B3E+96 

1 . B4E+03 

1 .  85E+06 

18 

4 . 380E+06 

8.3SE+06 

6. 82E+03 

8.36E+96 

14 

4. 970E+06 

4.27E444 

7.84E+03 

4.27E+96 

18 

4. 720E+06 

4. 98E+06 

8. 18E+44 

8.01E+06 

14 

4.070E+06 

8.81 £446 

9.44E+44 

8.90E+06 

17 

8.010E+06 

8. 1 1E+86 

4. 16E+03 

8.33E+06 

18 

2. 390E+06 

9. 1  IE* 46 

8.87E+43 

9 . 46E+06 

19 

2. 3 10E+06 

7. 16E+06 

8. S3E+93 

7.82E+06 

M 

1.830E+96 

6. 12E+46 

8.87E+65 

6.48E»96 

21 

1. 119E+96 

4.42E+46 

4. 17E+45 

4.84E+96 

22 

8.300E+03 

2.24E+06 

8.03E+0B 

2 . 83E+96 

23 

1 . 880E+03 

1 .68E+46 

2 . 60E+43 

1.91 E»96 

24 

1. 110E+05 

1 . 29E+06 

2.24E+43 

1 . B1E+46 

28 

B.230E+04 

1.02E+06 

2.46E+45 

1 . 23E+-06 

26 

2. 480E+04 

1.09E+06 

2. 93E+93 

1 .30E+06 

27 

2. 190E+04 

1 .02E+06 

2.03E+05 

1 . 22E+06 

28 

1 . 030E+04 

9 . 63E+05 

2.  14E+05 

1 . I8E+06 

29 

8. 330E+03 

9. 80E+43 

2. 26E+63 

1 . 18E+96 

84 

1 . 230E+03 

9 . S8E+03 

2.39E+03 

1 . 20E+06 

81 

8. 830E+02 

9 . 64E+43 

2. 87E+63 

1 .22E+06 

82 

1 . 0 10E+02 

9 . 79E+4S 

2.74E+93 

1.23E+06 

S3 

2.900E+01 

9 . B9E+45 

2.86E+93 

1 . 2BE+96 

84 

1.470E+01 

9.91E+43 

2.96E+03 

I.29E+06 

88 

3.460E+00 

9 . 96E+43 

8.43E+03 

1 . 30E+06 

86 

1. I30E+44 

9.B7E+43 

8. 1 1E+43 

1.84E+46 

87 

4. 144E-4I 

T.76E448 

1. I9E448 

4.96E+43 

Table  II. 6. 21.  Gamma  Flux  per  Unit  Lethargy  per  Kilowatt. 


nt2  na  field  m«  cm  non  reactor 


CROOP 

EHERCY  <  EV1 

FROirr 

BACK 

TOTAL 

1 

1 . 400E+07 

3.47E+03 

1 .02E+03 

4.49E+03 

2 

1 . 000E+07 

2. 34E+06 

7.08E+01 

2.S4E+06 

3 

8.000E+06 

9.80E+06 

1 .73E+02 

9.81E+06 

4 

7.000E+06 

6. 13E+06 

1 . 27E+05 

6.28E+06 

8 

6 . 000E+06 

7.74E+06 

1 .  18E+05 

7.B3E+06 

6 

8.000E+06 

1.35E+07 

4 . 60E+04 

1 ,S5E»07 

7 

4.000E+06 

2.62E+07 

8 . 89E+03 

2. 62E+07 

8 

3 . 000E+06 

4. 17E+07 

1 . 42E+04 

4. 18E+07 

9 

2 ■ 800E+06 

9.33E+07 

3 . 46E+06 

9.68E+07 

10 

2.000E+06 

6.77E+07 

0.00E+00 

6 . 77E+07 

11 

1.S00E+06 

7.88E+07 

2.26E+05 

7.90E+07 

12 

1 .000E*66 

8. 26E+07 

7. 1SE+05 

8. 33E»07 

13 

7.000E+05 

8. 83E+07 

9 . 49E+03 

8.93E+07 

14 

4. 300E+05 

6.49E+07 

9 . 38E+05 

6.S8E+07 

18 

3 . 000E+03 

8 . 09E+07 

1 .6BE+07 

6.77E+07 

16 

1 . S00E+05 

4. 1 1E+07 

2.05E+07 

6. 17E+07 

17 

1.000E+05 

3 . 26E+07 

2. 1BE+07 

S.45E+07 

18 

7 . 000E+04 

200E+07 

1 . 72E+07 

3. 72E+07 

19 

4 . 300E+04 

6. B9E+06 

6.7IE+06 

1 .36E+07 

S. 000E+04 

8.80E+03 

8.79E+03 

1 . 16E+06 

SI 

2.000E+04 

2 ■ 70E+03 

2.29E+03 

8 . 00E+93 
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Front  (1-D)  Neutron  Flux  vs  Energy  Free  Field  ER2  300  cms 
from  Reactor. 


Figure  1 1. 6. 62.  Front  Gaitma  Flux  vs  Energy  Free  Field  ER2  300  cms  from  Reactor. 


Figure  II. 6. 63.  Back  (1-D)  Neutron  Flux  vs  Energy  Free  Field  ER2  300  cms 
from  Reactor. 


Figure  II. 6. 64.  Back  Gamma  Flux  vs  Energy  Free  Field  ER2  300  cms  from  Reactor. 


(Front+Back,  1-D)  Neutron  Flux  vs  Energy  Free  Field  ER2 
s  from  Reactor. 


Table  II. 6. 22.  Neutron  Flux  per  Unit  Lethargy  per  Kilowatt 


ER2  rax  FIELD  DM  CHB  non  REACTOR 


choop 

EKERCT  <EV> 

FRDHT 

RACE 

i 

1.960E+07 

8. 12E+02 

4 . 38E+40 

2 

1.694E+47 

2.73E+63 

2.21 £40 l 

8 

1 . 490E+07 

6.71E+03 

8.48E+01 

4 

1 . 420E+07 

8.48E+03 

6.33E401 

8 

1 . 384E+47 

1 . 77E+04 

1.48E402 

4 

1.280E407 

2.46E+04 

1.99E402 

7 

1.220E407 

8 . 02E+04 

4.07E+02 

8 

1 .  1 16E+67 

9 . 72E+04 

7.63E402 

9 

1 . 000E+07 

1 . B9E+03 

6.77E402 

14 

9.080E+06 

8. 1 1E+03 

1 .  14E+43 

11 

8. 190E406 

4.96E+03 

8.02E403 

12 

7.414E-'  36 

8. 26E+03 

7. 69E+03 

IS 

6 . SB0E406 

1 . 8 1E+06 

8.66E404 

14 

4.970E+06 

1 . 94E+06 

4.98E404 

18 

4. 720E406 

2. 26 £406 

7.26E+04 

16 

4 . 070E+06 

2. 66 £406 

1.29E40S 

17 

3.010E+06 

3. 82E+06 

4.06E403 

18 

2.390E406 

4.24E+06 

8.88E40S 

19 

2.310E+06 

3 . 38E+06 

3.81E40S 

24 

1 . 830E+06 

2.91E+66 

3.80E403 

21 

1. 1I0E+06 

2. I7E+06 

8.90E+05 

82 

8.800E+08 

1 . 15E+06 

2.83E405 

83 

1 . 880E+03 

8.6SE40S 

2.46E40S 

24 

1 . 1 10E+03 

4 . B8E+05 

2.  13E+03 

28 

8 . 2S0E+04 

8 . 62E+03 

1.97E403 

26 

2. 480E+04 

8 . 90E+05 

1 . 93E+05 

27 

2.  190E+04 

8 . 60E+05 

1.96E405 

28 

1 .030E+04 

B.41E+05 

2.06E403 

89 

3.330E+03 

8.42E+05 

2.  19E403 

84 

1 . 230E+03 

8 . 82E+03 

2.31E40S 

81 

B.B30E+02 

8.68E+03 

2. 49 £403 

82 

1 .010E+02 

8.81E+65 

2.66E40S 

S3 

2 . 900E+0 1 

8 . 92E+03 

2.78E40S 

84 

1 . 070E+01 

8 . 99E+03 

2.89E40S 

,88 

8.060E400 

6.46E+03 

2.98E403 

86 

1.  I80E+40 

6 . 05E+03 

8.44E+05 

87 

4. I44E-41 

8.86E408 

9 . 48  £4  64 

TOTAL 


8. I6E+02 
2. 75E+63 
6.77E403 
8.  15E+03 
I.79E+04 
2. 48E+04 
8 . 06E404 
9.79E404 
1.90E+05 
S. 12E+05 
4. 98E+05 
8. 34E+9S 
1 . B4E406 
1.99E406 
2.33E+96 
2.79E+06 
4.23E+96 
4 . 39E+06 
3.73E+96 
3.26E+96 
2.86E+96 
1 . 43E+66 

i.  nE+»fc 
9.01E40S 
7.B9E403 
7.86E403 
7.83E+05 
7.47E+03 
7.60E403 

7. B4E+45 

8.  I4E+93 
8.47E+93 
8.71E40S 
8.88E+93 
9.94E+93 
9.99E+93 
4.8IE403 


253 


Table  II. 6. 23.  Gamma  Flux  per  Unit  Lethargy  per  Kilowatt. 


ER2  FREE  FIELD  SM  CMS  FROM  REACTOR 


CROUP 

ENERGY  (EV> 

FRONT 

BACK 

TOTAL 

1 

1.400E+07 

2.33E+03 

B . 2 1E+02 

2.B7E+03 

2 

1 . 000E+07 

1 . 12E+06 

1 . B2E+03 

1 . 13E+06 

3 

B.eeeE+06 

4.35E+06 

B.  29E+03 

4.33E+06 

4 

7.000E+06 

2.82E*06 

1 .52E+05 

2.98E+06 

3 

6.000E+06 

3 . B3E+06 

1 .  81E+05 

3 . 68E+06 

• 

8.000E+06 

7.01 E+06 

1 . 70E+03 

7. 18E+06 

7 

4 . 000E+06 

1. 16E+07 

8. 0 1 E+04 

1 . I7E»07 

S 

3. 000E+06 

1 . 83E+07 

1.34E+05 

1 . 87E*07 

9 

2 . 300E+06 

4. 42E+07 

4. 49E+06 

4.87E+07 

1# 

2 . 000E+06 

8.00E+07 

2. 17E+05 

3.02E+07 

11 

1 . 800E+06 

S.59E+07 

t .20E+06 

3.71E+07 

12 

1 . 000E+06 

3.72E»«7 

9. 68E+05 

3.82E+07 

13 

7.000E+05 

S.94E+07 

6.63E+05 

4.01E+07 

14 

4.300E+0S 

3 . 02E+07 

1 .73E+06 

3.20E+07 

15 

3.000E+03 

3.23E+07 

1 . 72E+07 

4.97E+07 

16 

1 . 500E+03 

2. 98E+07 

2.06E+07 

5 . 04E+07 

17 

1 . 000E+03 

2.66E+07 

2. I7E+07 

4. B3E+07 

18 

7.000E+04 

1.82E+07 

1 .6BE+07 

3. 80E+07 

14 

4 . 800E+04 

6. 68E+06 

6 . 38E+06 

1 .33E+07 

M 

3.000E+04 

B.56E+03 

S.49E+03 

1. 1 1 E»06 

SI 

2. 006E+04 

2.60E+03 

1 . 92E+03 

4.83E+03 
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Table  II. 6. 24.  Front  Response  as  a  Function  of  Distance  In  ER2. 


Table  II. 6. 26.  Total  Response  as  a  Function  of  Distance  In  ER2. 


Neutron  Flux  >1  MeV 

(n/cmz-s/kW)  1.92+8  4.63+7  1.21+7  5.91+6 


7.  CONCLUSIONS  AND  SUMMARY 


One-dimensional  and  three-dimensional  calculations  have  been  done  for 
various  reactor/exposure  room  cofigurations  at  the  AFRRI  Triga  reactor  facility. 
In  addition  to  supplying  input  spectra  for  the  unfolding  of  the  foil  data,  the 
calculations  were  extended  to  other  arrangements  that  could  be  of  use  for  future 
experiments.  It  was  found  that  except  in  extreme  cases  involving  complex  shapes 
of  hydrogenous  materials,  one-dimensional  techniques  were  adequate  to 
characterize  the  neutron  and  gamma-ray  fields  in  and  around  the  reactor,  in 
addition  to  spectra  and  integral  results,  the  calculations  also  yielded 
information  on  the  angular  distribution  of  the  radiation,  especially  useful  for 
future  irradiation  experiments  involving  large  thick  subjects. 

The  excellent  agreement  between  the  calculations  and  the  measurements 
in  spectral  shape  as  well  as  intensity,  validated  the  calcul ational  procedures 
and  allowed  the  extension  of  calculations  to  configurations  for  which  there  was 
no  experimental  data. 

The  calculated  spectra  have  been  tabulated  in  such  a  way  as  to  be  of 
maximum  use  to  the  AFRRI  Triga  user  and  as  input  for  further  calculations  such  as 
cell  kill,  radiation  effects,  or  further  radiation  transport  analysi s .  The 
overall  analytic  approach  taken  in  performing  these  calculations  also  leaves 
itself  open  to  efficient  continuation  due  to  the  coupled  nature  of  the  runs  which 
prevents  unnecessary  repetition  of  calculation  in  certain  sections  of  the 
probl em . 
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